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This study concentrated primarily on how the changes in the trunk A 
transportation network configuration in Nigeria alter both the hierarchy of the 
network system and the connectivity of the network itself. 
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Using the graph theory, the study looked at the network development in 
Nigeria in 1949, 1961, 1976, and 1982. The period covered in the study 
spanned from the colonial to the post colonial eras. 
Road maps of each of these years were the primary sources of data. The 
maps were translated into abstracted networks and subsequently converted 
into square matrices, and analyzed. The analysis resulted in the establishment 
of the network connectivity and the accessibility of individual nodes. 
Gamma and alpha indices were used to determine the complexity (the 
degree of connectivity) of networks in each of the study periods. The sporadic 
changes in the number of nodes and linkages resulted in the fluctuation of the 
network connectivity. This type of fluctuation is a common problem in network 
development within the developing economies. Political and administrative 
factors exert stronger influence in shaping the content and the outcome of 
transportation programs than the Taaffe, Morrill and Gould (1963) and Lachene 
(1965) models imply. 
The sporadic fluctuations in the number of nodes, linkages and in the 
values of the gamma and alpha indices suggest that neither the sequence of 
network development or its supposed discrete nature is appropriate to post-
colonial development. There is a significant difference between network. 
development during the colonial and post colonial eras. During the colonial 
era, there was a strong connection between network development and primary 
economic activities. The conditions during the colonial era support the link 
between the network and economic development as illustrated in Kansky 
(1963) work. The post colonial era in the other hand, is marked by the need for 
both social and political integration. Thus, the pattern of network deveiopment 
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in Nigeria in the eighties is quite consistent with Friedmann (1975) assertion 
that social and political factors should be assigned a higher scores than 
economic in the development model for Third world. 
After nearly ninety years of network development, the trunk A network 
system in Nigeria is in transition. It is now moving from elementary into an 
advanced stage of development. One of the things that is likely to at least slow 
down the rate of such transformation is the political sub-division of the nation 
into a smaller constituent units, coupled with lack of political predictability. 
From most indications, network development is moving away from 
concentration in relatively few nodes to a system that imposes a grid on the 
nation. The imposition of such a grid is likely to induce and enhance the 
interregional linkages and competition. Such phenomenon is indeed healthy in 
the light of the existing imbalance in terms of responsibilities between the three 
levels of government. It is also a good approach towards redressing the existing 
regional disparities as regional integration is very likely to bring about 
incentives and opportunities for a fair competition. 
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CHAPTER I 
INTRODUCTION 
The experience of decades of development has demonstrated that 
innovation, people, and products are transmitted more readily and effectively if 
movement is easier (EI-Aroud, 1980). Transportation, as the nervous system of 
a regional organism (Friedmann, 1964), must provide for the accessibility of the 
"center" as well as the rapid circulation among the various parts of the region. 
Consequently, transportation is one of the essential ingredients in the process 
of development. There are many reasons for investing in highway 
infrastructure in developing countries. Even the experiences of the 
industrialized nations support such a development strategy (Mansourkhaki, 
1980). The strategy is based upon the need to acquire the benefits of savings 
in vehicle operating costs as well as savings in road maintenance costs. 
Furthermore, provision of basic access to support agricultural 
development or improve health and educational services is also quite 
compelling. Taking these together, the enhancement of the social well-being of 
the population and, especially the disadvantaged rural residents, underscores 
the importance of transportation. Since the location of and accessibility to the 
transportation system do playa significant role in the economic and social 
structure of any country, it is important that policy makers and planners should 
have appropriate and adequate information on both the nature of and the 
process of transportation network development. This should include the 
knowledge of the different factors that shape the network development. 
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STATEMENT OF THE PROBLEM 
An ideal-typical sequence of network development in Third World nations 
was first postulated by Taaffe, Morrill and Gould in 1963 and confirmed by a 
separate work done by Lachene in 1965. This work focused exclusively on 
overall network configuration. It was not concerned with individual place 
accessibility, consequently, place accessibility changes impliCit in the 
hypothesized sequence were. not specified. Moreover, the model does not 
seem to reflect the magnitude of political and administrative influence inherent 
in the process of network development in the Third World. This study focuses 
on how changes in the configuration of the trunk A road network over time 
affect the connectivity of the trunk A network as a whole, and the internal 
accessibility of the individual nodes within the trunk A network system in 
Nigeria. 
This study takes its lead from the ideal-typical model. It starts with the 
expectation that the ideal typical sequence will be evident in the development of 
the trunk A highway system in Nigeria over a period of some thirty three years. 
The ideal-typical sequence as a theoretical construct states that there are four 
stages of network development. It was postulated by Taaffe, Morrill and Gould 
(1963), as a direct result of studying the history of network development in both 
Nigeria and Ghana. The four-phase ideal typical model states that the initial 
phase of transport network development is characterized by scattered ports 
follows by the development of few penetration lines. The second stage is 
marked by the beginning of concentration on a few ports. The third phase is 
one of interconnection of the penetration lines. At this point, the nodes in the 
hinterland begin to be linked with one another, and subsequently, a certain 
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high-priority trunk lines emerge. The fourth stage is primarily characterized by 
alternative connections being disproportionately distributed among some few 
selected nodes. 
It is, however, important to note that like many other traditional or 
classical transportation planning models, the ideal-typical sequence is an 
economically driven model. Furthermore, what Taaffe and his colleagues 
observed in Ghana and Nigeria was a colonial network structure, designed for 
very specific and narrow objectives. Thus, the ideal-typical sequence as any 
other technically driven model focuses more or less on a single optimizable 
goal. Due to the narrow focus of the model, it is less than adequate in 
explaining the post independent network structure in Nigeria. There are a 
number of factors that shape the network development in developing countries. 
The major ones are politics, national defence, equity, economics and the 
distortion due to the external source of finance (Filani and Osayimwese, 1974). 
Those factors will be explained in some details in the subsequent section. This 
study assumes that the connectivity and accessibility of the road network 
structure will be a product of the interplay of those factors. After four separate 
national development plans, with the fifth one ready to go into operation on 
January of 1989, there are some significant changes in the road network 
structure. It is important to investigate how those changes had affected the 
connectivity and the accessibility of the network structure, and also to find out if 
the expectations established by the ideal-typical model are still valid. 
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THE MULTIPLE FACTORS THAT INFLUENCE TRANSPORTATION 
PRACTICES 
Studies on investments in transportation facilities, especially highways 
(Dickey, 1983), have shown substantial multiplier effects. For example, 
adequate transportation networks have the potential to enlarge the market and 
even introduces changes into the marketing system. It can also contribute to 
changes in forms of political and economics demands (Schloss, 1983). 
Professional economists are traditionally concerned with the allocative 
efficiency as scarce resources must be utilized to the greatest effect in order to 
reduce the real costs of transporting people and goods (Banister, Hall, 1981). 
There is also an economic argument that investment in transportation facilities 
should be done in a way that it brings about reduction in travel costs, and 
consequently, such savings could then be used in a more profitable ventures. It 
is unfortunate that transportation facilities are too often thought of only in 
economic terms, when in fact they exert pervasive influence upon political and 
military events. 
For decades, transportation planning models were primarily technically 
oriented without adequate consideration to both pOlitical and administrative 
dimensions (Binder, 1971). Unfortunately, some of the assumptions, especially 
those inherent in the optimization of purely economic goal are no longer 
politically acceptable. The interface of transportation with other problem 
domains presents a very complex picture. Much of the complexity of 
transportation planning is due to the impacts that transportation decisions exert 
on the lives of the people concerned. For 100 long, it was assumed that 
technical planning could be isolated from the peoples' values, aspirations, and 
ambitions (Dickey, 1983). However, such reasoning together with the 
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associated technical fix does not stand up anymore in the face of politicized 
citizen activism. The entrenchment of the bureaucratic apparatus in the modern 
society is a common fact, and bureaucracy itself is said to be complex and in 
some cases very frustrating (Hartwig, 1983). Thus, the impetus of bureaucratic 
rationality towards the success or failure of programs in general, and 
transportation in particular is no longer debatable. 
Historically speaking, it is unrealistic to focus transportation decisions on 
a single, optimizable goal, as does the ideal-typical model. Transportation 
affects almost everybody everyday (Commission Report, 1975). Thus, political 
intervention in transportation development is inevitable (Lansing, 1966). Wolfe 
(1963), argues that a crisis of our time is an imbalance between the highly 
advanced state of the technology of transportation and the primitive state of 
political institutions. He presents extensive documentation on how politiCS 
and transportation interact with one another in war and peace within a nation 
and among different nations. 
Provision of transport infrastructure as one of the oldest and best-
accepted functions of government (Hartwig, 1983), can be successfully utilized 
to solve other non-transportation problems. For example, in United States 
over one billion dollars was invested in highways in the Appalachian region 
(Friedmann, 1968), primarily to induce economic development. During the 
depreSSion of 1930-1940 Federal funds did go into highway construction in 
cities, not in recognition of their now serious transportation problems, but simply 
to provide work (Smerk, 1965). In Nigeria, investment in transportation has 
been effectively used for political and social cohesion. Conversely, non-
transportation solutions may also be used in solving transportation problems 
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(Dickey, 1983). Transportation as a public tool has therefore, been used quite 
effectively in some instances to achieve both economics and non-economic 
objectives. Musgrave (1959) in his exposition of public finance theory, 
asserted that public sector can participate directly for stabilization, income 
distribution, and resource allocation in a nation. One of the most effective tools 
that the public sector can utilize in such participation is transportation, 
(O'Sollivan, 1979); (Abouchar, 1977). Thera is evidence in the post-colonial 
network structure in Nigeria to suggest that investment in the transport sector 
has been utilized for economic, social and political advancement of the nation, 
rather than in pursuit of a narrowly defined economic development. 
The interaction of the political and administrative factors in transportation 
planning in the developing countries has not been adequately accounted for in 
the traditional planning model (Schloss, 1983). However, recent literature on 
development and modernization does stress the role of political considerations 
and administrative factors in determining both the content and the outcome of 
development programs. Transport projects attract the interest of many active 
participants because tradeoffs between goals are politically sensitive (Dickey, 
1983), and because they usually require large investments (Schloss, 1983). 
Furthermore, the design and construction of many transport projects in 
developing nations are undertaken by aid-donor countries. Such donors are 
likely to impose their political criteria in either the planning or implementation of 
those projects. 
THE COLONIAL LEGACY AND THE STRUCTURAL FORM OF 
TRANSPORTATION IN NIGERIA 
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A clear understanding of the spatial and structural form of transportation 
in Nigeria is predicated upon the knowledge of the colonial influence on the 
country's transportation system. Prior to British administration in Nigeria, there 
was an indigenous urban system (Mabogunje, 1965), based on long distance 
trade carried on largely by foot. This system was seriously undermined and 
stultified when the British superimposed a transportation superstructure 
designed primarily for the export of primary commodities. Both the spatial and 
structural form were considerable and well established by the time of the 
political independence in 1960. The system was so entrenched that initial 
locational advantages enjoyed by certain areas had not only survived many 
years of post independence development, but many of those places still 
dominate the network hierarchy. The agricultural activities that the colonial 
transportation system engendered accounted for well over half of gross 
domestic product and were the main source of export earnings and public 
revenues at the time of independence ( Economist Intelligence Unit, 1987). 
The initial design of the transportation system was so out of touch with 
the indigenous interest and aspiration that in the wake of independence, the 
nation found herself looking outward (Filani, 1981), to Europe rather than 
inward in terms of national socio-economic development and integration. The 
inherited colonial transportation pattern has indeed exerted an enormous and a 
long lasting influence on the nation's space economy. The design and routing 
of the network linkages were done in such a way that the end result was a 
corridor-type transportation system. The linkages were virtually north-south, 
and east-west linkages were simply ignored. For decades, the major terminal 
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points were located on the coast and linked directly to sources of exportable 
products. The regional inequality implicit in the uneven distribution of natural 
resources was accelerated and perpetuated by the very pattern of network 
development. Consequently, the over concentration on the southwest-north 
transport linkages lingered. 
Changing the colonial pattern of network system has not been an easy 
task. Taking interest in the development of the feeder routes, notably, the farm-
to-market and the rural-to-rural linkages is not happening readily, even though 
such deficiency has been acknowledged for quite some time. It took a bloody 
thirty month civil war that seriously threatened the very nationhood of Nigeria to 
get the government attention on the need for east-west linkages. Nigeria is said 
to be one of the world's most ethnically diverse societies, with over two hundred 
and' fifty ethnic groups (Economist Intelligence Unit, 1987). In designing a 
functional network system for a nation like Nigeria, the transportation needs and 
the aspirations of these diverse groups has to be considered as an important 
factor. Particularly, attention has to be given to the social, economic, and 
political dimensions of the ethnic factor. 
Network development in Nigeria has seen many years of vigorous effort 
that involve enormous resource investment. It has also faced with multiple 
problems. The politics of relocation of the nation's capital has exerted very 
significant impact on the network structure. The debate for the relocation of the 
capital began in 1912 among the colonial administrators (Moore, 1984). The 
call for the relocation of the national capital though politically motivated was for 
a geographically central, strategically safe and ethnic-wise neutral location. A 
careful selection of the site were to offer an opportunity of having a spatial 
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linkages that will give a functional cohesion to the national system of cities. For 
example, linking a geographically central national capital with the state capitals 
would have created a convergence of transportation network. Such a 
phenomenon would very likely transform the colonial oriented space-economy, 
to one that is not only functional but locally desirable. 
Unfortunately, the overriding concern of the committee charged with the 
site selection was the maintenance of the committee members' relationship with 
the nation's military and political leaders and to satisfy various private interests 
(Moore, 1984). By 1982, it became quite obvious that regional access was not 
evenly distributed as expected, rather the main access to the new capital was 
via Kaduna, subsequently, business people from the north had the advantage 
of competing for contracts at the site. The predominance of northern influence 
in the construction of the new capital has made Abuja to be perceived as a 
northern rather than a national capital. Thus, an effort that was meant for unity 
and for the harmonious co-existence of the different peoples of Nigeria is now 
presenting some negative consequences. Instead of bring the people together, 
Abuja may turn out to be rather perilous to the stability and growth of the nation. 
Nevertheless, the impact of the "Abuja factor" on the network structure is quite 
significant. 
There is also a serious problem with regards to the availability of the 
needed specialized skill and an appropriate experience. According to Filani 
and Osayimwese (1974), up till 1971 road projects planning was treated solely 
as an engineering exercise, there was not even one single economist among 
the project planners. Thus, projects recommended for final selection were 
generally ill-prepared. The other area of serious problem that has plagued 
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transportation planning in Nigeria for years is what Hartwig (1983) called 
bureaucratic rationality. There are some serious problems with the 
organizational set up of the transport ministries. The existing organizational 
arrangement is characterized by division between the ministry of transportation 
and the ministry works and housing. Ministry of works and housing is 
responsible for roads while the ministry of transportation is responsible for 
railways, ports and inland waterways as well as civil aviation. It is ironic that 
even though road transport is the dominant mode in the nation, it does not fall 
within the portfoliO of the ministry of transportation. However, ministry of works, 
as a service ministry, is the one that performs civil and building construction 
services to the ministry of transportation. The bureaucratic rituals coupled with 
inter public agencies' completion does not allow for adequate cooperation 
among these two ministries. 
THE NEED FOR MEASURING THE EFFICIENCY OF THE ROAD 
NETWORK SYSTEM 
In developing countries, investment in the transport sector continues to 
represent a large part of national development programs. It is important that 
decisions about such investments should be made on the basis of best possible 
information (Bulman, and Robinson, 1977). The economic consequences of 
building roads to particular geometric and structural standards are 
inadequately investigated at the project appraisal stage, largely because 
knowledge of the interaction between the various factors involved is more often 
than not, very inadequate. To effectively and meaningfully improve any system 
in any country, the researcher must be able to measure the efficiency of that 
system (Mansourkhaki, 1980). 
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In dealing with the issue of efficiency, especially with regards to systems 
that are still going through the developmental process, the issues of connectivity 
and accessibility become extremely important. Topologically speaking, 
connectivity is defined as the degree of cohesiveness or the degree of 
connectedness while the accessibility is measured in terms of the sum total of 
both direct and indirect linkages associated with individual nodes (Taaffe and 
Gauthier, 1973). 
There are many economic indicators that can be used as a tool for 
evaluation and comparison of different economies, consequently, those 
economies can be categorized as developed or undeveloped. Kansky (1963) 
stresses that the transportation network of any area cannot be divorced from the 
geographic characteristics of that area. Further, he hypothesized that there is a 
direct relationship between network complexity and the degree of economic 
development. 
There are well defined transportation indicators that measure the 
complexity of transportation networks. Garrison (1960), was among the first to 
develop some graph indices that serve as transportation indicators. These 
indices had been effectively used in categorizing networks into different 
categories. Transportation engineers have also used the same indices in 
creating some numerical criterion that enables them to classify network 
configurations as spinal, grid and delta (see TABLE I). This classification 
based on graph-theoretic indices varies from a set of nodes with no 
interconnection at one extreme to a set of nodes in which every node is either 
directly or indirectly connected to all other nodes in the network system. 
TABLE I 
NUMERICAL CLASSIFICATION OF NETWORK 
BY GAMMA AND ALPHA INDICES 
For gamma 
ForaJpha 
spilaI: 1/3 ~ 1 ~ 1/2 where v ~ 4 
grid: 1/2<1<2/3 wherev~4 
delta: 2/3 ~ 1 ~ 1 where v ~ 3 
spilaI: 
grid: 
delta: 
(1=0 
0< (1< 1/2 
1/2 ~ (1 ~ 1 
wherev=e+1 
wherev~3 
wherev~3 
Source: GEOGRAP;HY QETRANSPORTATION 
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Given that investments in transportation in the developing countries are 
tailored toward addition and improvement of links (EI-Aroud, 1980), the need 
and the importance of understanding the underlying sequence of such 
development serves as one of the prime reasons behind the study. Insight on 
how the addition and deletion of linkages in a network affect both the 
connectivity of the network as a whole and the accessibility of individual places 
within the network system offers useful practical and theoretical information for 
planning purposes. There is always a real concern that capital investments 
that lead to additions and changes in transportation network structure may likely 
create a wave of shocks that can be felt throughout the entire transportation and 
economic systems. One possible consequence of these shocks is always the 
alteration in the spatial structure of the network. Such phenomenon has the 
potential of producing many series of changes in the pattern of internal 
accessibility for many of the urban centers of the network. Subsequently, such 
changes in internal accessibility may very likely disrupt the existing patterns of 
spatial competition in the country and may also affect relative rates of regional 
growth. 
NIGERIA AS FIELD CASE 
Nigeria is selected as a field case in part, because of the fact that the two 
countries that Taaffe, Morrill and Gould (1963) used in their study to postulate 
the ideal-typical sequence were Nigeria and Ghana. Furthermore, network 
development in Nigeria especially, the trunk A network has received an 
enormous infusion of capital in the post-colonial period. Consequently, there 
are significant changes in the network configuration. It is pertinent therefore, to 
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note that the main purpose of this study is to investigate how such changes in 
trunk A network configuration has altered the network hierarchy from one study 
period to another. It is equally importance to note that there are three 
categories of roads in Nigeria (trunk A, B and C), and the decision to analyze 
only the trunk A is based on the fact that it is the sub-sector that most of the 
available resources are spent. Trunk A network system is the "main road" 
network system in the nation, and some of the linkages are part of the trans-
African Highways. This is brought about by the continuous effort on the part of 
the government to link Nigeria not only with her immediate neighbors but also 
with other African countries (Barbour, Oguntoyinbo, Onyemelukwe and Nwafor, 
1982). The difference between the amount spent in the trunk A and the amount 
spent in all others is so much that this study assumes that the trend in the trunk 
A sub-sector is a national trend. 
ORGANIZATION OF DISSERTATION 
This dissertation is organized into six chapters. The first chapter deals 
with the statement of the problem, the multiple factors that influence 
transportation practices in the process of development, the colonial legacy and 
the structural form of transportation in Nigeria, the need for measuring the 
efficiency of the road network system, Nigeria as a field case, and the 
organization of dissertation. Chapter" deals with the review of previous 
studies, and the importance of accessibility. Chapter III discusses geopolitical 
structure, transportation and the pOlitical entity of Nigeria, the history of 
transportation within planning and development in Nigeria, investments in road 
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network development, and the objectives and philosophy of transportation in 
Nigeria 
Chapter IV deals with graph theory, the important indices of graph theory, 
and the selected graph indices. Chapter V deals with the selected study periods 
and the analysis, and changes in internal hierarchy. Chapter VI contains the 
summary, alternative perspective to transportation practices in Nigeria, and the 
conclusions. 
CHAPTER II 
LITERATURE REVIEW 
THE REVIEW OF PREVIOUS STUDIES 
One of the critical factors in the growth of developing economies, is the 
improvement of internal accessibility through the expansion of a transportation 
network (Taaffe, Morrill and Gould, 1963). This expansion process was found to 
be a continuous process of spatial diffusion characterized by an irregular or 
sporadic progress influenced by economic, social, and political forces. Due to 
the complex and intricate nature of the network development, programs to 
increase the efficiency of moving goods and people should not be implemented 
hastily but rather in a coordinated sequence over time (EI-Aroud, 1980). 
Consequently, the manner and nature of the stages of network 
development therefore becomes very important due to the fact that the 
success of an activity is in part, conditioned by its relative location, among other 
things (Garrison, 1960). The process of network development by itself, and the 
subsequent changes in the configuration of the network may induce changes 
in the relative location of the existing urban centers. These induced changes 
are bound to impact the success of activities within the centers. Furthermore, 
the strategic position of some areas will be enhanced while that of others will be 
diminished as the network develops (Garrison, Berry, Marble, Morrill and 
Nystuen, 1959). 
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A network provides defined channels of movement for the flows of goods 
and people between places. The importance of movement in every day life 
cannot be overstated. Interaction between people and places requires access, 
and access is only possible if there are connecting links. The layout of the 
network and the characteristics of its elements, determines how accessible 
places will be to each other (Kissling, 1969). The other argument frequently 
advanced to justify expenditures on network development is the importance of 
network accessibility to regional growth. To promote economic development, 
the government is committed to a reduction in transfer costs as a means of 
overcoming barriers that limit the geographical spread of the different activities 
of the economy (Gauthier, 1969). 
The study of the growth process of networks identified as "node 
connecting sequences" offers an insight into the process which results in the 
connection of nodes of the entire system and also provides the interpretation of 
the process itself (Hebert and Murphy, 1971). However, since certain locations 
may grow at the expense of others, the outcome can be a set of high-priority 
linkages among the largest centers. 
It has alternatively been suggested that it is most realistic to think of 
network development as a process, rather than a series of discrete historical 
stages (Rostow, 1964). At any given time, a country's total transport pattern 
may show evidence or characteristic of all the different phases of a network 
growth. For example, lateral interconnection may be going on in one region 
while at the same time new penetration lines may be developing in another. 
The ideal-typical sequence typology asserts that perhaps the most important 
Single phase in the transportation history of a developing country is the 
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emergence of the first major penetration lines from the sea coast to the interior 
(Taaffe, Morrill and Gould 1963). Later phases typically evolve around the 
penetration lines and ultimately, there is a strong tendency for them to serve as 
the trunk-line routes for more highly developed systems. 
It is pertinent to note that the ideal-typical model of network development 
postulated by Taaffe, Morrill and Gould (1963), and the model developed by 
Lachene (1965), are quite similar. Both models assert that the growth of 
transport networks accentuates concentration of activities in a few centers and 
high priority or "main street" connections between these places emerges. The 
study by Black (1967), supports in general terms the model advanced by both 
Taaffe, Morrill and Gould (1963) and Lachene (1965), and it goes on to 
emphasize the fact that certain factors do indeed tend to emphasize particular 
nodes in the growth process at the expense of other nodes. Haggett (1969), 
suggested that this selective process of node interconnection could be 
accounted for by the large capital expenditures expended for a successively 
large capacity network, a process which inevitably necessitates selection of a 
subset of nodes as being highly connected. As a basic premise Gauthier 
(1968), asserts that there is a high degree of interdependence between the 
development of a transportation system and the geographic pattern of urban 
economic growth. 
The need for a deliberate and comprehensively coordinated programs 
for network development is underscored by direct and indirect impact that such 
investment can exert at both regional and national levels of the economy. 
Since transportation investment involves money expended for construction and 
maintenance of transportation fixed as well as variable facilities, it is therefore, 
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safe to assume that such investment is likely to create jobs. Creation of jobs 
may have a positive impact on the GNP, and this turn will affect the living 
standard of the people. For example, in 1960 the USA invested some $48.7 
billion (Mansourkhaki, 1980), in the transport sector. This was roughly some 9.6 
percent of the national product of some $506 billion. It is important to note that 
in 1960 USA population was some 181 million with a per capita gross national 
product of about $2800.00. The per capita transportation investment was about 
$270.00. Thus, it is not too difficult to imagine how many jobs might have been 
created. Furthermore, as long as capital investment that leads to additions and 
changes in a transportation network is capable of inducing shocks that can be 
felt throughout the entire transport system, and as long as one possible 
consequence of these shocks is likely to be the alteration in the spatial 
structure of the network, then the need for effective coordination of such 
investments will persist. If extreme care is not taken, the change in the internal 
accessibility of the network may impose enormous regional disparities. Such 
disparities will in turn create social friction that is not likely to be conducive to 
the stability of many of the Third World nations. The induced disparities may be 
explained, in part, by the fact that the subsequent alteration in the pattern of 
internal accessibility alters the relative importance of the existing urban centers 
of the network. In other words, such changes in internal accessibility may 
significantly disrupt the existing patterns of spatial competition in the region, and 
ultimately exert some influence on the relative rates of urban and regional 
growth. 
Cowan and Fine (1969), suggested that the actual connections of an 
expanding network are always less than potential connections, and went on to 
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suggest that the process over time is defined by a logistics curve. Cope (1967), 
noted in his study of the London underground system that the growth of the 
network could be grouped into three stages described as expansion, 
consolidation, and rationalization. 
A closer look at these different studies strongly suggests that there is 
some sort of governed pattern as suggested in the ideal-typical model over the 
evolution of the topological structure of networks (Erdos and Reny, 1959). 
However, the nagging question has been whether or not the pattern is 
systematic and discrete or simply sporadic and continuous. 
THE IMPORTANCE OF ACCESSIBILITY 
According to Bierman (1973), transportation is responsible for the 
unification of geographically separated points, in other words, transportation is 
a system of linkages connecting different points in a spatially organized area. 
Consequently, spatial interaction is accomplished with different sectors of the 
economy and different parts of the region. The ultimate goal is to obtain 
maximum utility for minimum cost in the process of providing the cheapest 
possible means of transporting goods and people. Every society at a given 
state of technology will attempt to develop a transport network to minimize the 
total disutility of the distance. Subsequently, activities will competitively locate 
in relation to the network in such a way to maximize the total utility of the system. 
It follows that differing needs and abilities to move goods and services will result 
in differing arrays of central places and market areas. According to Owen 
(1964; 1966), lack of accessibility to transportation facilities will inhibit progress. 
For example, vegetables and other perishables cannot be grown because 
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transport needs to be quick and reliable to enable producers to move the 
products. Inal (1979), re-emphasized that efficient movement of people and 
goods over space is a must for a socially and economically integrated society. 
Mahayni (1972); 1977), contended that since transportation provides the link 
between markets separated over space, the balance of their growth will be 
controlled to a certain degree by their relative accessibility. It follows that for 
such markets and their products to compete with each other, the difference in 
prices of homogeneous products should not be greater than the marginal cost 
of transporting them. If the difference is equal to the marginal cost then, there 
will be an interregional flow of commodities. Kraft, Meyer and Valette (1971), 
argued that it has become axiomatic to say that growth and the momentum at 
which it occurs depends among other things, on geography and location of 
activities within a nation. Thus, the development of a region is directly related to 
its ease of access to resources and to outside markets or, more generally, to its 
physical position relative to other regions. 
According to Wilson, Bergmann, Hirsch and Klein (1966), transportation 
is deemed as a strategic sector in the Third World development programs, 
especially at the early stage of development. This notion is reinforced in that a 
transport base was created prior to, or coincident with rapid growth in the 
industrialized nations. Beside the observed correlations between rising gross 
national product per head and some indices of transport mobility, there are also 
the non-economic dimensions of transportation which have equally strong 
appeal. These include elements like national cohesion, political and social 
unity, military and logistic needs. Wilson and his colleagues (1966), argue 
strongly that improvement in transport capacity permits faster, safer, cheaper, 
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and more dependable service which in turn allows a greater movement of 
goods and people per unit time. It is therefore true that improvement in 
transportation in any of the four dimensions mentioned above will lead to a 
reduction in the total resources required to produce and distribute a given 
volume and pattern of output per time period. In most instances the transport 
facility served directly or indirectly to bring more land into productive use. This 
is important for an economy that is still dominated by agriculture. 
Transportation systems should be carefully and comprehensively designed 
due to their enormous impact in overcoming the frictions imposed by 
geography, as well as their impact in shaping the distribution of activities which 
ultimately influence the share each region contributes to the national product. 
Meow (1977), argues that the importance of transportation in national 
development is generally accepted although the extent to which it can playa 
catalytic role may be questioned. It should be noted that transportation is not 
only a form of social infrastructure, it is also a form of capital formation that 
deserves special attention by any society wishing to further its economic 
growth. Galbraith (1965), in a reference to economic development, argues 
that a highly efficient transportation, and a reliable source of power are 
indispensable for development. With those things available, something is 
bound to happen, but in their absence, we are certainly less sure. It is now a 
common truism base on the number of empirical studies that innovations as 
well as people and products, are transmitted easier if movement is easier 
(Ridley, 1968). Other studies have given boost to the concept of growth-point 
strategy which says that prosperity generated by the growth pOints will 
eventually spread outward into the less favored areas over time (Smith 1971); 
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Friedmann (1975); Myrdal (1957) and Hirschman (1958), have all contended 
that economic growth can be transmitted from the core into the periphery 
through a hierarchical system of settlements, the creation of which helps to 
achieve the spatial integration of the economy. It is therefore important to note 
that this hierarchy is reinforced, and in part defined, by the relative location of 
nodes within the transportation network. 
CHAPTER III 
SOME SELECTED ISSUES AND THEIR RELEVANCY TO 
TRANSPORTATION DEVELOPMENT IN NIGERIA 
GEOPOLITICAL STRUCTURE 
The political entity known as Nigeria today came into existence in 1914 
as a colonial creation. Its boundaries were arbitrarily imposed, cutting across 
both ethnic groups and cultural units with little or no consideration at all to the 
peoples' history and past experiences. One of the major problems of the 
constitutional development in the nation has therefore been the issue of 
determining the size of the constituent unit of the federation. The question of the 
creation of a nationhood in one hand, and dealing with the internal boundary 
adjustment in the other has been quite tedious and difficult since the 
independence in 1960. 
The Nigeria's basic federal structure was worked out in the constitutional 
conferences in London in 1953 and in Lagos in 1954. The nation was divided 
into three regions with regional headquarters at Kaduna, Enugu and Ibadan for 
northern, Eastern, and Western regions respectively, with Lagos as the national 
territory. Due to a persistent demand by minorities in the western region in 
particular, the republican constitution of 1963 created the fourth region known 
as the Mid-west, with Benin City as its capital. The constitution gave an 
extensive power to the regions, therefore, leaving the central administration 
weak and ineffective. Due to the weakness of the central administration, the 
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individual regions took little or no interest in national unity. Instead, there was 
enormous inclination to secure dominance over the whole nation. 
The size of the nation itself and the out-size nature of the constituent units 
together with the administrative hardships interposed by physical distance, poor 
transportation and communication systems did not allow the central 
administration to respond effectively and efficiently to the aspirations of those at 
the periphery. The general concern was that such circumstance did indeed 
threaten the political, the economic, and the social survival, as well as the 
general stability of the nation. 
In 1967 the federal government subdivided the nation into smaller units 
known as "State". This was partly an attempt to fulfill the aspirations of the 
minorities as well as being a deliberate effort to reduce the size of the 
constituent units which was perceived as a real threat to the stability of the 
nation. The establishment of the twelve states structure. subsequently 
upgraded some seven more urban centers to serve as capitals for the new 
states. In 1976, Nigeria was further subdivided into nineteen states, with Abuja 
being selected as the new national capital. This exercise enabled another 
eight urban centers to be upgraded in order to serve as seats of new state 
governments. Thus, within the first sixteen post independent years, the nation's 
geopolitical structure has changed from three-region structure in 1960 to a four-
region structure in 1963, and then through a twelve-state structure in 1967 to 
nineteen-state structure in 1976 (see Figure 1). In September of 1987, the 
nation's political structure was readjusted through the creation of two new 
states. The practice of readjusting the political structure of the nation at this 
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moment seem to be a continuous exercise. The act of subdividing the nation 
into smaller constituent units has indeed a number of ramifications. One of 
these is the influence it has on shaping the configuration of the network 
structure. The relative locations of those political capitals in the accessibility 
hierarchy is a clear evidence of how much influence such subdivision had 
exerted and will continue to exert in the process of network development. It is 
however, important to note that Logan in 1972 argued that the transportation 
system and the system of state capitals did not mesh, and he pOinted out 
specifically that the newly created state capitals of 1967 were not the focal 
pOints in the respective states. The fact is that the present network configuration 
and the resulting accessibility hierarchy does indeed contradict the Logan's 
assertion. 
Nigeria has so far existed as a politically independent nation for some 
twenty eight years. Ten of those years had been under civil administrations 
while the remaining eighteen years had been under the military autocracies. It 
has not been possible to isolate network development from the impact of the 
incessant coups and counter coups that has come to characterize politics in 
Nigeria. The high political turn over coupled with its inherent unpredictability 
has resulted in abandonment of many road projects, due in part, to different 
emphasis in priorities by successive governments. 
TRANSPORTATION AND THE POLITICAL ENTITY OF NIGERIA 
The Nigerian policy makers inadvertently or otherwise agree with 
O'Sullivan's (1979). position that transportation should be regarded as the most 
effective tool that can be used in enhancing the geographical, socio-cultural. 
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and historical integration of a diversified nation such as Nigeria. It is a long 
standing policy position within the policy making circle in Nigeria that the 
concern over the transportation development be centered on how to design a 
transportation system that will create a nation that is desirable, workable and 
conducive for the political coexistence of different culture and people of Nigeria. 
In plan after plan, the emphasis continues to be that the very basis of 
political coexistence implies that the organization of the nation's spatial 
economy must continue, at least in some ways, to be built on the foundation of 
the modern transportation system. The colonial orientation which the original 
design was based on has changed significantly in some respects. For example, 
the colonial design was primarily structured to enhance the process of tapping 
and evacuating agricultural and mineral export commodities. It was also meant 
to facilitate the distribution of the imported manufactures. Presently, 
consideration is also being given to the importance of inter-regional trade, as 
well as political and social integration of the nation. The network in 1982 
indicates major changes in its configuration. The accessibility is much more 
evenly distributed, thus, the progress in the areas of social and political 
integration is quite tremendous. There is a recognition of the need for rural 
integration. into the national network grid. The establishment of the Directorate 
of Foods, Roads and Rural Infrastructure (OFRRI) is a clear indication of a 
genuine effort in this direction. At the moment, the current military administration 
is examining through the Constitution Review Committee, the possibility of 
giving constitutional status to OFRRI (West Africa, 1987). 
THE HISTORY OF TRANSPORTATION WITHIN PLANNING AND 
DEVELOPMENT IN NIGERIA 
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The use of planning in the whole spectrum of development in Nigeria is 
regarded as both necessary and essential. The documents of the first national 
development plan enunciates the argument that there is no country any where 
in the world in which the society is completely free from some form of deliberate 
efforts to speed up the process of development. The document also contends 
that planning decisions taken at the time in question, will constitute an 
investment in the later part of the 20th century and there-after. It goes on to 
caution strongly that unless genuine efforts are made, that the future may find 
Nigeria locked into poverty and misery (Government Printer, 1962). It was in 
recognition of the vital role of planning that national planning was consequently 
adopted as the foundation upon which the future economic and social growth of 
Nigeria will be based. The 1962 plan then goes on to assert that, it is only by 
having a series of national plans that the nation will be able not only to raise 
the standard of living of the people, but also to transform the national economy 
into a modern, diversified and virtually self-sustaining system. Thus, the basic 
objectives of planning in Nigeria, at least in theory, are not merely to accelerate 
the rate of economic growth and the rate at which the level of living of the 
population can be raised, it is also to give her an increasing measure of control 
over her own destiny. 
It was the need to achieve the above stated national objectives that led 
the policy makers and planners to accept transportation as one of the most 
effective tools that any government can use in guiding and directing the 
national development. It is pertinent to note that such sentiment does fit well 
with the position taken by transportation experts like Patrick O'Sullivan. 
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O'Sullivan (1979), asserts that the control or promotion of the expar~sion of 
transport facilities is perhaps the most powerful geographically-specific 
instrument that government can use in guiding economic development, he goes 
on to state that transport is not only important but fundamental in structuring our 
material existence. To underscore the importance of transportation in the 
process of development in Nigeria, the Standford Research Institute issued a 
report in 1961 titled "Economic Coordination of Transportation Development in 
Nigeria". The report states that the economic history of Nigeria is largely the 
story of the opening of its vast area by various forms of transportation, bearing in 
mind that all economic activities rely on the transport system for the movements 
of both their physical inputs and outputs. All the four previous national plans as 
well as the fifth plan that takes effect in January of 1989 are designed under 
the assumption that development process depends to large extent on the 
efficiency of a country's transportation network. 
Generally, the initial effort to develop adequate transportation to serve 
the growing commerce and industry in the country started early in the colonial 
era. It centered mainly on the use of the Rivers Niger and Benue for navigation. 
This was closely followed by the construction of railways in 1898. The two 
modes of transportation remained the major arteries of commerce for well over 
half a century. It was not until the late sixties that modernized highways and air 
transportation moved into the center of the mechanics of movement of goods 
and people in Nigeria. Some of the factors that propelled the prominence of 
highways in Nigeria include a deliberate neglect of the rail system by 
government, and a decline in inland waterways due to incessant droughts, 
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coupled with the wide-spread conservation of water resources which feed the 
two most important rivers in the nation, the Niger and the Benue. 
The 923,768 square kilometers of land area that makes up what is known 
as Nigeria today had several empires, dynasties, and kingdoms before the 
advent of colonial rule. The pre-colonial geo-political configuration was to a 
large extent determined by environmental factors. Consequently, those 
different societies had a rather different means of moving goods and people 
(Ademoyega, 1962 ; Ogunjumo, 1981). 
One common feature that was readily found in those societies was the 
existence of "bush path." Modern road building began around 1900, and it was 
then that a deliberate effort was made to develop bush paths into a motorable 
roads. The coordinated road development commenced in 1925 when the 
Communication Board was established to prepare plans for skeleton trunk road 
system between the major administrative centers of the nation (Barbour, 
Oguntoyinbo, Onyemelukwe and Nwafor, 1982). 
The initial phase of road development was designed to facilitate the 
assemblage of local export crops, such as groundnuts, cotton, cocoa and palm 
produce from the hinterland to the railway stations, these commodities were 
then shipped by rail to the seaports. The other reason for road development 
was to facilitate the internal movement of colonial officials, as well as fostering 
an effective administrative, economic, and military control of the nation. 
After the political independence of 1960, the road network began to 
assume much greater importance in national transportation development. A 
system that at first was only designed to complement rail and water 
transportation was now assuming an independent primacy. From the early 
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sixties, road traffic began to compete seriously with rail traffic, and by the end 
of the first national development plan period in 1968, the road network had 
already superseded the railway system (Taaffe, Morrill and Gould, 1963). 
Based on the use of the passenger-mile and ton-mile as units of measurements 
for passenger and freight indices, the road transport currently accounts for 
about two-thirds of all commodities moved to and from all the seaports in the 
country. It also handles more than ninety-five percent of all other internal 
movement of goods and persons (Barbour, Oguntoyinbo, Onyemelukwe and 
Nwafor, 1982). 
INVESTMENTS IN ROAD NETWORK DEVELOPMENT 
According to the the Third National Development Plan, of all sectors of 
the economy, the transport sector makes one of the heaviest claims on the 
available capital development funds. One-fifth of the 1962-68 capital outlay 
program and a third of the 1970-74 public sector capital program were devoted 
to the transport sector. The increasing importance of road traffic is clearly 
reflected on the amount allocated to road network in relation to other modes. Of 
the total amount earmarked for transport sector during 1962-68 plan period, 
58.0% was spent on road network. During the 1970-74 plan period, road 
network accounted for some 67.0% of transport allocation. The 1981-85 plan 
period was not different from the previous ones. 60.0% of the capital investment 
in transport sector was earmarked for highway (see TABLE II). 
The 1975-80 plan period even witnessed a much greater investment in 
this sector, of the N7.3 billion allocated for transportation, some N5.34 billion or 
some 73% was actually spent on road network (see TABLE III), while the 
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remaining 27% was shared among air, rail and water transportation (Central 
Planning Office, 1975; Barbour, Oguntoyinbo, Onyemelukwe and Nwafor, 
1982). The practice of high investment in land transportation is still the practice 
of government even during the last quarter of the eighties. The statistics on the 
capital expenditures for 1986 and 1987 show that 86% and 88% respectively 
were allocated for land transportation. The projected expenditure for 1985 
through the year 2000 indicates that the government is determined to continue 
singling out highway as the high priority mode of transporting goods and people 
in the country (see TABLE IV). 
The evolution of road transport development in Nigeria shows a drastic 
transformation from bush path, through narrow, poorly drained and winding 
roads, into high quality mUlti-lane bituminous carriageways. Between 1951 
and 1972, the nation's road network showed a substantial improvement in 
both the total length and in quality (see TABLE V). 
All along the local authorities have been responsible for most of the road 
construction and maintenance in the country (see TABLE VI). By 1972 the total 
length of road under the local governments jurisdiction was three times as much 
as those under the the state governments. while the states' share was twice that 
of the federal government (Filani and Osayimwese, 1974). The implication of 
the federal-state-Iocal imbalance yis-a-vis the responsibility for road 
construction and maintenance becomes quite obvious. It is ironic that the 
agencies which are least able to construct and maintain roads in terms of funds 
and personnel were left with the largest responsibility. During the 1975/80 plan 
period for example, of the N7.3b spent on transportation. the federal 
government spent N6.3b or some 86% of the fund, while all other units of 
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government spent the remaining N1.0b or some 14% of the fund, (see TABLE 
III). Thus, it is not surprising and should not be surprising that construction 
performance is generally poor and maintenance to a large extent, has been 
generally sub-standard at best. It was the recognition of this problem that led to 
a major shift in policy during the third national development plan. The federal 
government decided to take over some selected state roads. As a result of 
such take over, the federal road increased in length from a total of 11,000 
kilometers to 27,000 kilometers between 1975 and 1980. Apart from attempting 
to redress the imbalance between the different units of government, the aim of 
such measure was to ensure that the nation will be provided with a fairly dense 
mesh of primary arterial roads of first-class quality, which, with the railway 
system, will bear the vastly increased movement of goods and persons 
(Government Printer, 1975). 
TABLE II 
CAPITAL INVESTMENTS IN TRANSPORT SECTOR FOR 1962-1985 
(NOOO,OOO) 
Plan Period Plan Outlay Allocation % of Total 
Total Sub-Sectors Outlay 
Highway Railway Highway Railway Water 
1962-1968 309.092 179.27 30.9 58.0 10.0 25 
1970-1974 472.398 331.80 43.9 67.0 9.3 13 
1975-1980 967.541 7124.00 986.1 70.6 9.4 10 
1981-1985 1047.462 7400.00 1622.0 60.0 25.0 9 
source: NIGERIA NATIONAL DEVELOPMENT PLAN 1962 
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TABLE III 
TRANSPORTATION CAPITAL PROGRAM FOR 1975·80 
(N MILLION) 
Sub·sectors Total 1975·76 1976·77 1977·78 1978·79 
Roads Federal 4355.960 979.924 1123.474 966.144 739.924 
All States 984.476 210.798 254.054 223.158 178.188 
Railways 885.020 35.052 52.004 261.556 267.704 
Civil Aviation 476.980· 59.630 100.560 126.800 83.850 
Nigeria Airways 50.950 12.600 18.750 10.100 8.000 
Inland waterways Federal 47.541 9.901 12.160 11.188 8.695 
States 44.250 12.370 12.655 13.110 4.220 
Maritime Service 13.730 2.260 4.070 3.300 2.300 
Shipping 118.090 17.820 33.370 26.300 20.300 
Ports 322.010 47.460 71.700 83.000 66.400 
Government Coastal Agency 4.061 1.020 1.091 0.870 0.540 
All States 1028.726 223.168 266.709 236.268 182.408 
Federal 6274.342 1165.667 1417.179 1489.258 1197.713 
All Governmenls 7303.068 1388.835 1683.888 1725.526 1380.121 
Source: THIRD NATIONAL DEVELOPMENT PLAN 
1979·80 
546.494 
118.278 
268.704 
106.140 
1.500 
5.597 
1.895 
1.800 
20.300 
53.450 
0.540 
120.173 
1004.525 
1124.698 
w 
m 
Mode of 
Transportatior 
Highways 
Railways 
Ports 
Waterways 
Airports 
Others 
TABLE IV 
THE PROPOSED SUB·SECTORAL ALLOCATIONS FOR 
1985-2000 
N.D.P. 19851 19901 
in (0/0) 1989 1994 
78.90 72.60 65.00 
3.90 3.80 14.20 
2.80 5.80 7.50 
2.70 3.80 3.30 
4.10 5.60 2.60 
6.60 8.40 7.40 
source: NIGERIAN RAILWAY CORPORATION AND 
NATIONAL TRANSPORT DEVELOPMENT 
19951 
2000 
70.20 
13.00 
4.60 
3.00 
2.30 
6.90 
(.r.) 
-....J 
TABLE V 
TOTAL LENGTH OF EXISTING ROADS, 1951-1972 
Year Bituminous Earth/Gravel Total 
Kms. Mis. Kms. Mis. Kms. 
1951 1782 1114 42632 26645· 44414 
1962 11053 6908 60818 38011 71870 
1968 15200 9500 73280 45800 88480 
1969 15758 9849 75200 47000 90958 
1971 16122 10076 75088 46930 91210 
1972 18109 11318 77266 48291 95374 
source: SECOND NATIONAL DEVELOPMENT PLAN 
Mis. 
27759 
44919 
55300 
56849 
57006 
59609 
(..) 
OJ 
TABLE VI 
ROAD-KILOMETRAGE ACCORDING TO FEDERAL,STATE 
LOCAL SHARE IN 1972 
Paved Unpaved Total 
FEDERAL 6477 4130 10607 
STATE 8832 12336 21168 
LOCAL 2890 60800 63600 
TOTAL 18109 77266 95375 
Source: ORGANIZATION OF TRANSPORT PLANNING IN NIGERIA 
w 
CD 
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THE OBJECTIVES AND PHILOSOPHY OF TRANSPORTATION IN 
NIGERIA 
The transportation objectives were spelt out for the first time in 1965 in a 
federal government White Paper on transport development as coordinated 
development, economic efficiency and by implication, the support of national 
objectives like the opening up and binding together of the nation. As a matter of 
public policy, a continued development of efficient dynamic and flexible 
transport service is seen as vital to economic growth, expanding productivity 
and a general progress of the nation. 
The responsibility for road construction and maintenance reside with 
various governmental units. Roads with federal responsibility as stated earlier 
are called trunk 'A'. The States are responsible for trunk 'B' roads while the 
local governments are responsible for trunk 'C' roads. However, the practice of 
classification and declassification of roads seems to have occurred for the first 
time after 1949. The trunk A roads are essentially North-South routes linking 
the main seaports with their up-country hinterland and the East-West routes 
connect major urban centers thus, they form the main national grid (Central 
Planning Office, 1975). It is pertinent to note that there has been an extensive 
classification and declassification of roads since the political independence in 
1960. Such phenomenon does have a tremendous impact on the configuration 
of the network structure as could be seen from the drastic fluctuation in the 
number of nodes and linkages, (see TABLE VII). The administrative practices of 
classification and declassification of roads is a deliberate public policy option 
available to the government in order to bring about the needed social and 
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political integration of the nation. This is one public policy that has a 
tremendous positive impact. 
However, there are instances in which the objectives are extremely 
general in nature and without mechanics for effective operationalization and 
evaluation. The task of pinpointing anything that coherently constitute the 
national transportation philosophy for example, is simply arduous. Soon after 
the civil war in 1971, the federal government put in place a program of 
reconstruction, rehabilitation and reconciliation as a comprehensive approach 
to redress the ills that might have led to, and those resulting from the civil war. 
As a matter of public policy. transport sector was accorded the highest priority 
status in the second national development plan (Government Printer, 1972). 
Such policy can be partly explained by the fact that there was urgent need to 
rehabilitate the badly damaged and insufficiently maintained transport facilities. 
Another major policy development was the decision by the government to set 
up a Highway Authority. The main purpose of the agency was to improve the 
management and construction of federal highways. There were other smaller 
construction agencies that were set up to work in partnership with the private 
construction companies. It was the continuous government concern over the 
deplorable state of transport facilities maintenance that the Kampsax Highways 
Commission was set up during the second plan period to find ways of improving 
the existing arrangements of highway maintenance. 
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TABLE VII 
NUMERIC VALUES OF NODES, UNKAGES, AND 
CYCLOMATIC # 
1982 
YEAR 1949 1961 1976 
106 
UNKAGE 277 107 223 
73 
I\O:E 202 98 217 
34 
CYCLOMATIC # 79 1 0 8 
Gamma = e/3(v-1) = 277/3(202-1 ) = .459 
Alpha = J..L/2v-5 = 79/(2*202-5) = .198 
Gamma = e/3(v-1) = 107/3(98-1 ) = .368 
Alpha = J..L/2v-5 = 10/(2*98-5) = .052 
Gamma = e/3(v-1) = 223/3(217-1) .344 
Alpha = J..L/2v-5 = 8/(2*217-5) = .019 
Gamma = e/3(v-1) = 1 06/3(73-1 ) = .491 
Alpha = J..L/2v-5 = 34/(2*73-5) = .241 
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The first progress reports of the second national development plan 
issued in 1972 were full of inherent problems associated with centrally planned 
programs of many developing nations. The analysiS on state by state progress 
revealed problems ranging from a complete abandonment of approved projects 
to inability of effective program implementation. The report went on to indicate 
that progress under new projects were slowest in implementation due to the fact 
that approved projects were not properly studied and designed before approval 
was given. 
During the 1970-1974 plan period, there were fourteen new projects to 
be executed. During the second half of the plan period, actual construction was 
in progress on two, one was out to tender, four were at final engineering stage, 
three where being surveyed and nothing was said about the remaining four 
(Government Printer, 1972) There has been a good deal of project spill-over 
from one plan period to another. In the North Central state for example, only 
feasibility studies were completed in all the six proposed roads at the time the 
first progress reports were issued. 
The reports in summary pointed out that the main problems with the 
implementation of programs are inadequate executive capacity in terms of civil 
engineers and other technical staff. The issues of foreign exchange control and 
procedures at the federal level were also noted in the reports as real sources of 
problems especially, with regards to quick deliveries of ordered plants and 
equipments. There are also reports on cases where actual road designs were 
completed without feasibility studies of any kind. As a result of such practices, 
the estimated cost of those projects were grossly inadequate. This therefore 
explains in part the reason behind sharp increases in the eventual costs of 
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those projects. It is this type of approach towards planning that seriously 
undermine planning in most of the third world as a whole. Subsequently, 
planning practices in some cases are nothing more than a psychological show 
case. Despite the common problem of inefficient allocation of resources to 
transport sector, it is important to note that if indeed a certain rate of growth and 
a particular spatial arrangement of growth patterns is accepted as a national 
objective, that a careful planning of transportation investment can play an 
extremely important part. 
One of the most misunderstood and confusing aspects of transportation 
development in Nigeria is the issue of transportation philosophy. By 
philosophy, this study implies a sets of logical rationalization that governs 
transportation practices. Since the fourth national development plan came to 
an end in 1985, preparation has been underway for the fifth plan. The plan was 
made public in October of 1987 and was to take effect on January of 1988. 
However, the President in his new year address to the nation postponed the 
launching of the plan until January of 1989. The postponement was 
necessitated by economic reality. The problem of transportation philosophy in 
Nigeria came into light in the position papers submitted by different 
transportation related agencies. For example, the Nigerian railway corporation 
asserts that the neglect of the rail system by successive administrations in 
Nigeria since 1962 has incapacitated the internationally accepted mass 
transportation system thus, leaving both air and highways to fill in the gap, 
unwittingly all along pattern of the transportation philosophy of the United 
States of America (Nigerian Railway, 1985). Responses to a question 
concerning what the transportation philosophy in Nigeria is are likely to be 
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vague, inconsistent, incoherent and broad at best. The debate on what the 
content of the next plan document should be seem to give the impression that 
there is a recognition of the complexity of the transportation problem in the 
nation. However, a clear understanding of the consequences of its complexity 
and how it could be effectively dealt with is not quite clear. The Nigerian 
railway corporation position paper concludes that Nigeria is still yet to fully 
appreciate her fundamental transport problems so as to evolve a suitable 
transportation philosophy and policies to meet the great challenge ahead. 
Unfortunately, after many decades of implementing series of planning 
programs, planning agencies cannot state explicitly and of course, in simple 
terms what the transportation philosophy of the nation is. more so, that the 
Nigerian Railway Corporation has to resort to using the study that was 
conducted for the nations of European Economic Community (Nigerian Railway, 
1985), in order to get more funding is simply not the best course of action to 
pursue. 
CHAPTER IV 
GRAPH THEORY, AND ITS APPLICATION 
GRAPH THEORY 
Graph theory, a branch of topology fathered by the Swiss mathematician, 
Euler, took its origin from the paper Euler wrote in 1736 on "Seven Bridges of 
the Prussian City of Konigsberg". The second classic work on the network 
analysis was done by Cayley in 1879. However, what is said to be the first 
comprehensive treatment of network topology was carried out by Konig in his 
paper titled "Theone der Endlichen und Unendlichen Graphen" in 1936. It is 
the study of this branch of network treatment that came to be called graph 
theory. The theory is closely related to algebra and matrix theories, and as 
implied in the Euler's 1736 paper, it is often used to study transportation 
problems (Haggett and Chorley, 1969). 
The theory was rapidly developed during the three decades following 
Konig's seminal work and has since been summarized in a range of texts like 
Ore (1963); Flament (1963); Berge (1962); Busacker and Saaty (1965); Harary, 
Norman and Cartwright (1965). Although the application of graph theory to 
geography has come within the last decade of the sixties, it has already 
revolutionized the approaches to the study of transport networks (Chorley and 
Haggett, 1967). 
Graph theory has found relevance in a variety of problems. Beside the 
obvious applications to design of electrical circuits, transportation analysis 
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(Avondo-Bodino, 1962; Ford and Fulkerson, 1962) or in the analysis of linguistic 
structure (Busacker and Saaty, 1965), it is also used in describing patterns of 
social interaction which goes back to Kurt Lewin's principles of topological 
psychology (1936). Furthermore, the use of directed and valued graphs have 
extended from economics out into fields of management like critical-path 
analysis as well as PERT techniques (Battersby, 1964). 
During the past several years a more consistent set of summarizing 
measures of transportation network characteristics has been developed in order 
to provide a better basis for the comparison and evaluation of networks. Such 
endeavor has drawn heavily on the concept of graph theory during the decades 
of sixties and seventies (Taaffe and Gauthier, 1973). Unfortunately, while 
interest in the use of this theory is still very strong in other areas of usage like 
communication and physical sciences, the use of these techniques in 
transportation analysis is unfortunately, not common in the eighties. This may 
be partly explained by the changes that had occurred during the past twenty 
years. The present transportation problems in the West which includes among 
others, congestion, is not simply amenable to graph theory. Nevertheless, 
Toh's article on "An Efficient Accessibility Model" which was published in 1984 
is a current example of the continued usefulness of graph theory in scientific 
inquiry on transportation networks. 
These techniques are still among the most effective in answering 
questions concerning how changes in the configuration of a transportation 
network affects both the connectivity of the system as a whole and the internal 
accessibility of individual nodes within it (Hebert and Murphy, 1971). The need 
for offering an effective, and a systematic mechanics for ranking the 
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accessibility and centrality of nodes within network systems in the developing 
economies is still very high. Consequently, it underscores the continuous 
importance of these techniques for many more years to come. 
Kansky (1963), hypothesized relationships between network complexity 
and the degree of economic development. This hypothesis was tested with 
data from some twenty-five countries, of which Nigeria was one. The result 
clearly indicated that economic characteristics are a major factor influencing the 
structure of transportation networks. Garrison and Marble (1964), in their study 
of the connectivity of a transportation network concluded that the structure of 
transportation networks may be explained in large part on the basis of the 
relative location of the neighborhoods and regions. Garrison (1960), in his 
study of connectivity of the Interstate Highway System was able to compare the 
individual centers in terms of their comparative accessibility and subsequently, 
he established the hierarchy of cities within the network system. Others who 
have utilized this theory in their empirical studies include Pitts (1963), who 
discussed and explained the centrality of Moscow. Garrison (1959; 1960); 
Taaffe and Gauthier (1973); Kissling (1969), have also used this theory to 
• 
evaluate the effects of changes in transportation networks. Hebert and Murphy 
(1971) used graph theory to study the changing patterns of accessibility of the 
air transport network structure in eighty United cities. The intention was to 
determine if the US government's policy of promoting hub and spoke networks 
for air traffic led to greater accessibility for the hub airports. This study uses 
graph techniques for a similar, but a more complex analysis of the realization of 
administrative goals in network structure. 
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Despite the importance of the identification of transportation linkages in 
terms of capacity, type of use, and the cost of construction, those characteristics 
do not lend themselves readily to analysis by graph techniques, and as stated 
earlier, this is part of the reason why the model has not been extensively utilized 
in the eighties. Transportation systems in the west have been extenSively 
developed already, the changes that have occurred in the West during the past 
two decades have been extremely dramatic therefore, the transportation needs 
and problems have witnessed a shift in the industrialized world. One of the 
more serious problems during the decade is the question of congestion, and of 
course, congestion as I have said earlier is not readily amenable to graph 
theory. However, the situation in the developing world is different. The 
transportation system is still undergoing the process of initial development. The 
need for research is even greater today than before, and using a graph 
theoretic model is quite germane in terms of cost and the model flexibility. 
The network system was analyzed at four different periods of time (1949, 
1961, 1976 and 1982). In each case,the road network treated as a 
representation of a finite graph was translated into a square matrix. 
Operationally, the network was then specified by a connectivity matrix. The 
elements of the matrix were binary operators 0, 1, with nonzero element 
designating the existence of a direct connection between two nodes. The rows 
of the connecting matrix represented the original nodes while the columns 
represented the destination nodes. 
The periods selected were chosen to cover a long span of time, from the 
colonial era to the peak of Nigerian post independence economic prosperity. 
The first road map in Nigeria was produced in 1949. 1961 was just a year after 
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political independence, and 1976 was a time of the most intensive post 
independence economic activity. The enormous increase in the economic 
activity at that time could be traced to Arab Nations' oil embargo of 1973 which 
gave Nigeria the opportunity of being an important oil supplier to the West. 
Nigeria's oil production increased from 600,000 barrels per day to 2.4 million 
barrels per day, and at the same time, the price per barrel jumped by over 700% 
(Business International, 1979). The availability of road maps at those time 
periods was the other reason for selecting those periods. The maps are 
produced by the National Atlas of Nigeria under the auspices of the Federal 
Department of Surveys. 
The basic assumptions made with respect to the network were: 
1. A network has a finite number of places 
2. Each route is a set consisting of two places 
3. Each route jOins two different places 
4. At the most, only one route may join a pair of places 
5. No distinctions are made between the 'initial' and the 'terminal' 
places of routes, in other words, routes are two-way. 
THE IMPORTANT INDICES OF GRAPH THEORY 
Graph theory has provided methods for analyzing networks, and the 
identification of certain structural properties of the networks. There are a range 
of topological measures developed for the description of networks. Kansky 
(1963); Haggett and Chorley (1969), have provided summaries of the more 
important ones together with details of their computations. Garrison (1960), 
distinguishes two main groups of parameters, the first one describes the 
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network as a whole and the second ones are parameters that deal with 
individual vertices on the network. 
In dealing with a growth process of networks identified as "node 
connecting sequences" some of the issues that stand out very prominently are 
the degree of connectivity among all the vertices and the aggregate 
accessibility of the entire network system. The degree of connectivity is 
probably the most important structural property of a network (Taaffe and 
Gauthier, 1973). 
SELECTED GRAPH INDICES 
Gamma and Alpha: The abstraction of network as graph, in other 
words, the conversion of the network into a set of nodes which are related by 
and incidence function according to a configuration of linkages, makes the 
computation of these indices possible. 
'Y = e/3(v-1) 
a = e-v+p/2v-5 or J.!/2v-5 
where: 
'Y = gamma 
a = alpha 
e = edges 
v = nodes 
4.1 
4.2 
J.! = cyclomatic number (number of fundamental 
circuits in the system) 
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These two indices (gamma and alpha) are the two most important indices 
that measure the cohesiveness or connectedness of a network. 
Accessibility: The treatment of networks within the graph theoretic 
context offers many possibilities, some of which have to do with a higher level of 
abstraction, the relative ease with which large numbers of complex networks 
can be handled and compared, and in greater flexibility. It also offers the 
ability to switch problems from one "naturally occurring" mode to another where 
solutions can be readily obtained. The ability to translate networks into matrices 
in order to tap the powerful resources of matrix algebra is a tremendous benefit 
(Haggett and Chorley. 1969). 
Although it is possible to derive topological measures of individual 
vertices within a small network by direct measurements from the map, 
however,it is not possible to do this with the complex network. An effective way 
of dealing with the complex network is through the process of conversion of 
network into incidence or connection matrix, and then manipulate the matrix 
through the use of matrix algebra. This is an area that Shimbel has made a 
tremendous contribution towards using graph theory in the analysis of network 
system. He wrote his first article in 1951 and another one in 1953 in which he 
offered mathematical proof to the use of the principle of matrix algebra in 
analyzing network structure. Pitts (1965), has also demonstrated clearly the 
effectiveness of using matrix algebra in the derivation of measures that describe 
the relative locations within a network structure. 
Accessibility is explicitly defined as a function of the topological structure 
of the network, in other words, it is the sum total of both direct and indirect 
linkages associated with individual nodes. The powered connection matrix, C, 
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contains elements indicating the number of ways in which the node Xi may be 
reached from Xj in exactly n steps. The row sum of the powered matrix would 
indicate the possible number of ways in n steps for any node Xi to be reached 
from any other node in the system. The solution matrix or matrix T obtained by 
mean of summing up all the powered matrices will therefore provide a complete 
information on all possible multiple-link connections. 
T = C1 + C2 + C3 + •.•• + C n 4.3 
The summation of the elements in T across any row or down any column 
produces a vector of numbers indicating the accessibility of each node on the 
network, thus, 
n 
A(iC) = L di stance(j j) i = 1, ..... n 4.4 
D(C) = 
where: 
j=1 
n n 
LL distance(jj) j = 1, .. _ .. n 4.5 
i=1 j=1 
A(iC) = accessibility of ith place (distance is 
measured in terms of the number of the 
linkages between i and j) 
D(C) = the measure of the accessibility of the 
network as a whole 
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These indices are found to be higher for more extensive and complex 
network. For example, a small value of alpha implies that the network in 
question is yet to be designed to provide a number of alternative connections to 
the nodes within the network system, while the value of gamma is directly 
proportional to the degree of the complexity of the network. The concept of 
connectivity has therefore been found to be most meaningful when a given 
network is either compared with other networks or its growth is viewed through 
time. Furthermore, since the expansion or intensification of transport linkages 
between nodes is in some cases directly related to increases in demand for 
transportation facilities to move goods and people, the degree of connectivity is 
found to be indicative of the complexity of the spatial order that it imposes on the 
region it serves. 
The planning of large-scale, locationally-fixed transportation system is 
indeed complicated process that involves the relationship between physical 
and financial resources, activities and people over a long planning horizon. 
Therefore, to insure that citizenry is able to pursue certain activities, the scarce 
resources must be allocated among alternative uses within the socio-economic 
planning environment with the best available information. It is only in so doing 
that the specific objectives can be achieved. 
CHAPTER V 
ANALYSIS OF ROAD NETWORK DEVELOPMENT BASE ON GRAPH 
THEORY: CASE STUDY OF THE TRUNK A NETWORK IN NIGERIA 
THE SELECTED STUDY PERIODS AND THE ANALYSIS 
The four periods studied (1949,1961,1976 and 1982), were carefully 
selected in order to provide a reasonable span of time to cover both the colonial 
and post colonial eras of road network development. The study reveals that 
actions that alter the structure of network do also alter the accessibility of the 
individual nodes within the network system. The drastic fluctuation in the 
number of nodes, linkages as well as in the values of gamma and alpha indices 
is directly contrary to any suggestion to the effect, that the sequence of network 
development is discrete in nature. It is rather naive to talk about, let alone 
expect an ideal situation in a complexed social environment. It is pertinent to 
note that by 1949, Nigeria has already embarked on network development for 
almost half a century. Thus, the study could not capture the very first step in the 
postulated sequence. However, base on the direction of the lines of penetration 
as reveals in the analysis, it can be safely reduced that the lines of penetration 
began from the seaport and moved inland. 
The 1949 abstracted network (see Figure 2) contains at least two 
hundred and two nodes as well as some two hundred and seventy seven 
linkages. The analysis indicates the radiation of lines of penetration from the 
south western portion of the country towards the northern hinterland. The 
accessibility hierarchy was quite predictably dominated by nodes mainly from 
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the South-western and those from the Northern regions of the country (see 
TABLE VIII). 
The six most accessible nodes were Kabba, Omu Aran, Ado Ekiti, 
Bauchi, Jos and Owo. The pattern and the domination of the accessibility 
hierarchy by those nodes from the south-western region suggests, among other 
things, that the origin of those lines of penetration were from the sea coast. 
Some 67% of the six most accessible nodes was from the south western region, 
with the remaining 33% coming from the northern region (see Figure 3). 
Furthermore, the continuous importance of those nodes over the years attests to 
the Taaffe, Gould and Morrill (1963) assertion that the initial penetration lines 
are of outermost important in the process of network development. 
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0246 
0246 
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0.2)1 
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0.182 
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0.169 
0.1Ei6 
0.161 
0.154 
0.153 
0.153 
0.151 
0.150 
0.150 
0.150 
0.150 
0.147 
0.139 
0.137 
0.131 
0.129 
0.123 
0.121 
0.116 
TABlE VIII (CONTlNUEO) 
vaA 0.111 La«.> 
RlOO.J 0.110 WAWA 
~ 0.1CS GNNJABAWA 
MWA 0.104 B6LfE 
YB..WA 0.098 f.MRADI 
OPCR> 0.098 MAHJTA 
OOITSHA 0.094 a<l..ITA 
SHflR 0.094 M.B 
/G3IaDJE 0.093 M\~ 
TAM6FARA 0.090 Kf!.N3I.NA 
~ 0.082 M\'tO 
a=t:N 0.078 BI\MA 
Cll.lJ 0.077 DiEU 
[Wi 0.077 KA1NOI...O 
P .HARCXX.IRT 0.075 ElJSSI\ 
sa 0.074 YASH~ 
IESHA 0.074 "TO..N?O 
KAlI/BI\ Ooffd7 JAl.J/'G) 
GNftSfFO 0.007 SERJ1 
~ 0.063 I<UAI..J 
KOTONKARIFI 0.063 
P&fil'¥2E!A 0.001 
tc;C. 
NIE("Io) 
0.060 
0.058 
0.056 
0.055 
0.053 
0.048 
0.047 
0.047 
0.045 
0.043 
0.009 
0.020 
0.019 
0.018 
0.017 
0.014 
0.013 
0.012 
0.004 
0.001 
59 
60 
--
61 
Agriculture was the foundation of economic "take off" in Nigeria and has 
remained the largest sector of employment to date (Business International, 
1979). Nigeria main cash crops are mainly, palm oil, cocoa, rubber, 
groundnuts, cotton and palm kernels. The production of these crops exhibits a 
remarkable spatial pattern according to the nation's ecological zones. Crops 
like cocoa, oil palm, and rubber are restricted to the south while others like 
groundnuts, and cotton are confined to the the northern savanah zone, 
(Barbour, Oguntoyinbo, Onyemelukwe and Nwafor, 1982). Exportation of 
cocoa, which was introduced into Nigeria during the late nineteenth century, 
was actually one of the commodities that secured Nigeria a place on the map of 
international trade. The cocoa plantations were exclusively located in the south 
western region of Nigeria, and the region still dominates cocoa establishments 
to date. Nigeria's exports since the late 1960's have ben dominated by crude 
oil (Economist Intelligence Unit, 1987), with cocoa as one of the most important 
export commodities. Consequently, the reason why places in the region 
dominated the accessibility hierarchy in 1949 is indeed appealing in economic 
sense. 
The direction of the penetration of lines as is revealed in the analysis 
does provide reason to believe that the first stage in the postulated sequence 
holds in the case of network development in Nigeria. The lines of penetration 
were radiating from the sea ports, notably, the Lagos seaport into the south west 
hinterland so as to enhance the process of shipping the cocoa produce to the 
seaport for onward shipment to the final destination in Europe and. beyond .. 
The degree of the complexity of the network as revealed by the values of 
alpha and gamma was quite low. The implication of this is that, even after about 
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a half a century of a significant and consistent investments in highway 
development, the network was still at elementary stage of development (see 
TABLE IX). The general distribution of the accessibility was extremely less than 
even. The first twenty or some ten percent of the most accessible nodes 
accounts for some thirty-seven percent of the entire network accessibility.' The 
next fifty one nodes or some twenty five percent of the next more accessible 
nodes accounts for some thirty eight percent of the total accessibility, while the 
remaining one hundred and thirty one nodes or some sixty five percent of all the 
nodes accounts for just some 25% of the total accessibility (see Figure 4). 
The extremely skewed nature of the accessibility of the the network 
system does not support any suggestion that the network at the time in question 
was designed with due consideration given to the geographical and social 
integration of the nation. The percentage difference between the most 
accessible and the least accessible nodes is almost one hundred percent. 
Furthermore, the average accessibility of the bottom one hundred and thirty one 
nodes in the accessibility hierarchy is only 0.01 % (see Figure 5). 
The analysis of the network system in 1961 reveals further penetration. 
However, the penetrations were now moving towards the central portion of the 
northern region of the country. The change in the network configuration (see 
Figure 6) altered the internal accessibility of the network. For example, the 
number of nodes shrank from over 200 to just about 98, while the linkages 
shrank from almost 300 to some 107 (see TABLE VII). Nodes from the northern 
part of the country now dominated the accessibility hierarchy (see TABLE X). 
TABLE IX 
NUMERIC VALUES OF THE NETWORK AS GIVEN BY GAMMA 
AND ALPHA INDICES 
1949 1961 1976 1982 
GAMME 45.90% 36.80% 34.40% 49.10% 
ALPHA 19.80% 5.20% 1.90% 24.10% 
m 
w 
r(37X) 
(3e~ 
'-(25l1:) 
U1] 20 nod .. 
iii 51 nod .. 
~ 131 nodes 
Figure 4. Grouping the accessibility Into three categories In 1949 
m 
~ 
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ACCESS: 
NJEX("'/o) 
ZJIfM 7.9J6 
KAIl.JNl\ 6.172 
J:S 6.170 
J<ON:) 5.4341 
EW..O-I 3.7571 
R..INtUA 3.479 
8l.KRJ 2.724 
fIN(IlD 2.717 
w.n.. 2.451 
YPSHI 2.389 
IQIR 2.389 
I:W..PA 2.360 
KRDJ 22S6 
~ 2.243 
G:ME 1.9l8 
G.&U 1.876 
BI\DPN 1.B70 
J.Pa:S 1.B70 
OITA 1.740 
s-vG4MJ 1S1 
8R.JNIUXJ 1S1 
I4...RJ 1$ 
t<I.JSHERI<I 1264 
PAFU 1~ 
AEEO<l.JTA 1227 
MSDU 1213 
KAlSlNA 1.18) 
FOT1SKI.Iv1 1.119 
010 1.0:2 
Rl3:D 1.042 
ll..R: 1.!21 
FE o.mt 
MA.Hl-I 0.008 
TABlEX 
t£Iw::R<HmAFOiYN1$1 
I.!l1N 01!82 
CXE:M::&O 0.764 
WNJf!A 0.722 
.EI3IJ.CXE 0.722 
I:R:K) 0.617 
~ Q581 
1JAMl\1lRJ Q581 
N..MIN osn 
sxno 0.574 
I..ES-IA 0!£1 
JI8IYA Q558 
JE88A Q553 
s:;ee 0S32 
'rO..A 0.461 
~ 0.447 
mNNGA 0.430 
1<l:NTPG:PA 0A28 
M4lX.G.R 0.413 
M6.'rOIB..WA Q372 
m..FE 0.372 
~ Q366 
JEHU 0..:300 
TPM3AWEE 0.349 
PUODE Q341 
OlUKPA Q335 
~ 0.324 
lMJlJ\.O o.:3Z3 
l..AFV\ 0.3:2 
~ 0292 
lliRA 02Hl 
tvWUU 02Hl 
PBA 0283 
Jt\lIIG) 027B 
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ACCESs: 
NJEX("'/o) 
YASHU<ERA. 0272 
0/6R 0266 
~ 0260 
CJImlHA 02:55 
GCMI 0.254 
'r13.WA 0.2)() 
PN<PA 0245 
MB 0244 
EN..GJ 0232 
GB:K> 0226 
010 0223 
AYPNa!A 0215 
..EGO. o.alO 
lM...W-I.A. 0.100 
~ 0.197 
ICK) 0.191 
KID 0.179 
EHJ 0.178 
1<OTB<F9JE 0.174 
YNCBI 0.170 
FCN 0.1Ei2 
Tm..N 0.161 
BENNaTY 0.161 
AWr(A 0.156 
DAR-AL.JIMEL 0.153 
A8AKAl..D<I 0.143 
PT. J-WO:lJRf 0.129 
OG\'I 0.12> 
l.M) 0.119 
COLA8AR 0D71 
to 0.003 
CH:N 0.054 
All the six most accessible nodes (Zaria, Kaduna, Jos, Kano, 8auchi and 
Funtua), were clustered around a relatively small section in the north (see 
Figure 7). The pattern and composition of the accessibility hierarchy reveals the 
direction of the lines of penetration. The penetration lines were now moving 
further and further away from the sea coast to the interior. Once again 
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economic rationalization was more compelling in explaining the changes in 
relative location of nodes that had occurred between 1949 and 1961. At this 
moment in time, Nigerian cash crops production particularly Qroundnut was 
highly intensified (see TABLE XI). Cotton produce was also making an impact 
among the export commodities. In 1965, out of the 263.25 tons of domestic 
export, cocoa accounted for some 16.22% while groundnuts and raw cotton 
accounted for some 20.44%. By 1966, of the 277.52 tons of domestic export, 
cocoa's share dropped to some 10.1 %, while groundnuts and raw cotton stayed 
at some 20% (Economist Intelligence Unit. 1968). The climatic conditions in the 
north are of course. quite suitable for conducting such economic activities. The 
significant variations in climate throughout the country is such that these kind 
of economic activities will not be viable in the south-west nor in the south or 
south-eastern parts of the nation. Thus, these goods were exclusively produced 
and are still being produced in the northern part of the country. It is therefore, 
not surprising to see the accessibility shifting accordingly to reflect the new 
economic trend. 
The values of both gamma and alpha were still relatively small. Thus, 
suggesting that the network was still at elementary stage of development. As 
the penetration was still in progress in an inward direction, the interconnection 
of nodes was also going on in extremely few selected nodes. What was going 
on therefore, could be more accurately described as branching out to 
incorporate new nodes into the network system. While the network was 
branching out in one hand, some of the existing nodes where being eliminated 
from the network system. The ideal-typical model unfortunately, does not seem 
to have anticipated this kind of development. 
.Kano 
Funtua • 
• Zarla 
• Kaduna • Bauchl 
.Jos 
o 
I i'i 
o 50 100 Miles 
Figure 7. Map showing the six most accessible nodes In 1961 
m 
CD 
TABLE XI 
EXPORTS OF NIGERIA'S CASH CROPS BY WEIGHT 1960·1970 
(IN THOUSANDS OF TONS) 
Palm Oil Palm Kernels Rubber Groundnut Cotton 
1960 183.0 197 58.5 432 43.4 
1970 008.0 185 60.1 279 45.8 
Source: NIGERIA IN MAPS 
Coooa 
160 
196 
-..J 
o 
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The network in 1961 despite its decline in the number of nodes and 
linkages as well as in the over all complexity, surprisingly, exhibits multiple 
characteristics that could be ready seen in a network that is still at an 
elementary state of development. For example, the most accessible node in the 
network (see Figure 8), accounts for almost eight percent of the entire 
accessibility. The first ten most accessible nodes or some ten percent of the 
total number of nodes accounts for over forty percent of the accessibility. The 
least accessible node among this particular group accounts for over two percent 
of the network accessibility, with an average accessibility of well over four 
percent. Thus, it is quite obvious that there were relatively significant degree of 
interconnectedness among some selected nodes. Therefore, it is safe to 
assume that such phenomenon will certainly induce the emergence of certain 
high-priority trunk lines which is indicative of the existence of the second, the 
third, and the forth stages of the ideal-typical sequence model. 
The accessibility as in the previous case was generally unevenly 
distributed. The first ten most accessible nodes, as stated earlier, account for 
forty three percent accessibility. The next twenty five nodes or some twenty six 
percent of more accessible nodes accounts for thirty seven percent of the 
accessibility, while the remaining sixty three or some sixty five percent of nodes 
accounts for only twenty percent of the accessibility (see Figure 9). Such 
degree of skewness obviously supports the assertion by Haggett (1969) that 
some locations are likely to grow at the expense of others, and subsequently, 
the process of network growth will accentuate concentration of activities in few 
centers. While the most accessible node accounts for almost 8% of the network 
accessibility, the least accessible node accounts for a mere 0.05%. 
- ------ - -- ------ --------~---------
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The network in 1976 witnessed the most extensive effort in its expansion 
and development by the federal government as well as the state and local 
governments. This was barely five years after the end of the civil war. The war 
did cause an extensive destruction of different forms of infrastructure. The 
destruction of notably transportation infrastructure occurred much more in what 
was known at that time as the eastern region. For three years, the eastern 
region was subjected to a severe air, water and land bombardment by the 
federal troops as the civil war raged on. The deplorable state of things in the 
region aroused an urgent need for a comprehensive approach in addressing 
the problem. The need was so compelling that the federal government 
responded immediately with a comprehensive programs as part of the 1970-75 
National Development Plan. 
The vigorous programs of reconstruction, reconciliation, and 
rehabilitation embarked upon by the federal government put the eastern region 
at the center of road construction. The state governments were instructed by 
the federal government that their road programs should be designed to dove-
tail into the federal network. As stated earlier, the all-important function of the 
trunk A road as handed down by the colonial administration was the 
facilitation of the evacuation of produce. At the out set of the seventies, the 
reconstruction of the war damaged infrastructure and the linking of states in 
order to integrate the nation and consequently facilitate political stability through 
the enhancement of the inter-state commerce and social interactions were now 
moved to the top of the agenda. The states road programs were expected to fit 
into the federal network so as to form a national road network grid that ultimately 
will enhance the industrial, administrative, social and political development of 
75 
the nation. The network in 1976 was made up of at least two hundred and 
seventeen nodes and some two hundred and twenty three linkages (see Figure 
10). The effort to expand the network system to achieve the above stated goals 
resulted in a significant increase in the number of nodes and linkages. The 
increase in size of the network however, was accompanied by a sharp 
reduction in the degree of the complexity of the network as indicated by the 
values of both gamma and alpha, (see TABLE IX). While on one hand the 
network witnessed massive expansion and a decline in its complexity, the 
accessibility on the other hand shifted from the northern region to what was 
known then as the eastern region (see Figure 11 and TABLE XII). 
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U\l11~ 5.266 
0ZIJI3lIlJ 4247 
f'I\E'M 3.647 
NMWBIA 3.314 
I&BA 2.504 
HIAL.A 2.170 
ElENNcrtY 1.784 
to 1.722 
AI/IGJ 1.623 
AE£O<UrA 1A91 
IWlAN 1.454 
ill 1..360 
\WID 1.324 
RGACI<UN 1319 
OM:FR 1313 
OOJKIJ 1312 
ISEI.EUKlJ 1273 
ZPRl&. 12)9 
tGAO 1.131 
LM.lU\,O 1.129 
~A 1.117 
a:eIlf\ 1.(64 
KAOO 1.CS3 
a..cx:x> 1.(139 
PB..nJ 1.004 
~ 0.923 
~ 0.909 
H.N<I.M 0.903 
LGa3IU 0.001 
O<[M£ 0.887 
ITORI 0.870 
G300RA 0.800 
OVO 0.786 
AFCMJ 0.779 
ISH.bRA 0.779 
I..M..N3E 0.778 
IJIfO o.m 
GA1#GRA 0.760 
teA 0.747 
l.HI3=E 0.742 
~ 0.742 
.cGB..~18QJI 0.740 
M3EROU 0.732 
LMJPHL4. 0.730 
'MJDL 0.708 
TABlEXD 
NETWJR<HERAROiYN 1976 
~A 
9iI<A 
E1ITI 
..EB3A 
~ 
FE 
BJ<AN 
~ 
EBlIN 
KPll..Nl\ 
Fl.R.I<l.J 
tJe£ 
EN.GJ 
/JCB2E. 
8PUCHI 
.rs 
G:R 
l.MJ.N3.lJ 
PPM£GJNA 
&PI3..E 
CX?aJM:)SHQ 
B..8.E 
l'CR) 
IRJWA 
I<FE 
PSlJ 
GNPfW.A 
KPCHAKO 
~YAWA 
B:lESHA[XJ 
/JOO 
fO'J 
CR:&J 
I<5.IA 
1<Of~ 
KAZPLfE 
PIZH 
WJ3A. 
GINA 
R...Ml.V\ 
B4J3IID6. 
8IWB.6fU 
MJSHN 
J.APAI 
Pc::.. 
h:iex("Io) 
0.698 
0.694 
0.666 
0.641 
0.618 
0.614 
0.613 
0.610 
0.610 
0.605 
0.581 
0.580 
0.570 
0.565 
0.5Sl 
0.552 
Q521 
0.520 
0.499 
0.472 
0.470 
0.469 
0.467 
0.462 
0.455 
0.450 
0.450 
0.430 
0.423 
0.403 
0.402 
0.402 
0.400 
0.400 
0.398 
0.394 
0.392 
0.382 
Q381 
0.379 
0.373 
0.372 
0.370 
0.357 
0.338 
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GUll 0.336 
~ 0.336 
BJ<I..R.J 0315 
OBOlO 0.305 
D~ 0.296 
N<PUG..J 0.294-
t.a=!N 0.293 
~ 0276 
t<aaXJ 0.269 
Al.KAl..ffiE 02ffl 
AB..JIl.k) 0.265 
ParrHAROJURT 0261 
G£nGON 0255 
SHPG6MJ 0255 
PfX)AWANE 0.254 
~ 0.250 
SR.INKlDU 0243 
OWO 0243 
~ 0242 
ZPUN3A 0.2Z3 
I<P8:H 0222 
~ 0.221 
 0219 
GM 0211 
AM 0210 
KlFJINt\ 0.205 
lJ'vO 0.205 
NEWBUSSA 0.202 
BR>INGNARJ 0.202 
SANDAMJ 0.1m 
WARRI 0.187 
CR:lK.4M 0.170 
SMWA 0.169 
BOPA 0.168 
FE 0.167 
OOOGBOLU 0.166 
SPDPGFI 0.164 
PGE:E 0.162 
ISEYN 0.158 
I.PG)S 0.157 
DJIRA2D 0.154 
KCNTJIGYA 0.154 
EZlPK:B) 0.153 
.6&FE 0.153 
N3AE 0.152 
tilE 
~ 
JIaWX) 
G.SIIU 
I<USHERI<I 
KAR 
M:iOU 
lXFN 
WPWA 
K,dFANO-WJ 
l..E5HA. 
~ 
LARA 
KATSINA 
lJEBU.<XlE 
G:ME 
CMJR:&O 
BOR 
IPEl1J.UESHA 
~ 
ORIKPA 
~
CKITA 
PLAKI..JI<O 
LPNZAI 
~
~ 
KA.OI.A 
kr:. 
hjexflo) 
0.1&1 
0.146 
0.144 
0.13B 
0.1$ 
0.131 
0.1a 
0.127 
0.123 
0.122 
0.119 
0.117 
0.116 
0.115 
0.114 
0.112 
0.112 
0.100 
0.100 
0.104 
0.1Cl3 
0.1C2 
0.009 
0JHl 
0.006 
0.a:6 
0.094 
0.003 
~ 
J!LO-I 
M..Rb. 
CHN 
B:M 
PO'T1SKl.M 
A8AKAl..I<I 
8LR 
AJO 
M!RJ 
/G:)/If£. 
ABWA 
1:W.N\1lRJ 
C'A..AB.4R 
c::&N 
B<»G 
AJPfHJ 
[X]Gt!l.A 
QW\I.\ 
NO 
ll3:P 
0<l.R<.A. 
IWM<PA 
KAU 
E£NSa<H 
CXHX> 
J!lK) 
TASHA 
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TABlE XII (o.:::lNTNJEO) 
o.CSO MAl r~ 1:11 0.055 
o.CSO TJ.MFARA o.CSS 
o.ces N....MtN 0.052 
o.ces cs:s:::> 0.052 
0.CS3 IfX) 0.049 
QCS1 OAJ..(R 0.048 
QCS1 r:a:JO 0.047 
0.076 JIBIYA 0.047 
0.072 ~ 0.041 
o.an Ia=FI 0.CX39 
0.070 CJIlRq=O o.cas 
0.068 IOOJ?A o.cas 
o..oos m::u=pp 0.CB4 
0.068 Jt.t£rA o.cm 
0.068 KISH D.a31 
o..oos KAW#. o.<m 
0.068 I<8.PftI!B.. 0.028 
0.068 G..D 0.r:tZl 
0.068 BMM 0.r:tZl 
D.068 QeIE o.~ 
0.068 PUl\DE 0018 
0.068 IDA 0016 
0.068 BATABI 0015 
0.064 SlOIO 0.014 
0.064 mNNGA 0.014 
0.003 DFOiARI 0.014 
o.m1 
0.059 
The six most accessible nodes were Onitsha, Ozubulu, Nnewi, Amawbia, 
Asaba and Ihiala. All the six nodes clustered around a very small portion in the 
region. Like any other network at elementary stage of development, the 
accessibility was concentrated in few selected nodes. For example, the first 
twenty two nodes or some ten percent of all the nodes accounts for some forty 
three percent of the network accessibility. The next sixty five or thirty percent of 
the more accessible nodes accounts for some forty percent of accessibility, 
while the remaining one hundred and thirty or sixty percent of all nodes 
accounts for merely seventeen percent of the accessibility (see Figure 12). The 
most accessible node accounts for over five percent of the entire accessibility; 
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while the least accessible node accounts for just about one one-hundredth of a 
percent (see Figure 13). 
The result of the analysis of the 1976 network once again, raises a 
serious question concerning the discrete nature of network development. The 
problem of predicting the stages of network development in the developing 
nations is as uncertain as the task of predicting political stability in those 
nations. By 1976 road network in Nigeria has witnessed some seventy six years 
of development. However, the network configuration base on the values of 
gamma and alpha indices indicates that the network complexity in 1976, 
despite the enormous expansion was actually lower than either in 1949 or 
1961. Thus, it suggests that the classification of network configuration as either 
spinal, grid, or delta base on the numerical value of gamma and alpha indices 
may provide much more insight to stages of network development in the post 
colonial era than the ideal-typical model does. One of the most interesting 
discoveries at this point is that the changes in the configuration of the network 
for the first time, could no longer be adequately explained by just economic 
rationalization alone. The social, and pOlitical factors tend to have come to play 
much more significant role. This is very importance because it marks the 
turning pOint in the network evolution in Nigeria. It was an unmistakable shift 
from colonial orientated to an indigenous inspired approach to network 
development. This was an approach in which the local aspiration was more 
paramount than the external interest. 
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Analysis of the 1982 network structure reveals some major changes in 
the network system in Nigeria. The network has ceased from expansion and 
has contracted sharply (see Figure 14). The number of nodes for example, 
dropped from well over two hundreds in 1976 to just about seventy three, (see 
TABLE VII above), while the number of linkages dropped from two hundred and 
twenty three to one hundred and six, that is, some 66% deduction. It is 
however, important to note that, the ratio of linkage to node actually increased 
during the same period by 41% (the calculation is based on the information 
from TABLE VII). What happened was that the reduction in the number of nodes 
offers more alternative connections to the existing ones. Consequently, the 
value of alpha increased from less than 2% in 1976 to 24.1 % in 1982, a very 
drastic increase. The analysis also reveals that the processes of consolidation 
of the entire network as well as relative concentration in some selected nodes 
were well underway. The accessibility at this time was much more evenly 
spread across the nation (see Figure 15 and TABLE XIII). 
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NETWORK HIERARCHY IN 1982 
ACCESSiSIUlY 
INDEX (010) 
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4.009 
3.7'.1) 
3319 
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3.CXl) 
2.825 
2.698 
25I7 
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2S32 
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2339 
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Furthermore, the continuous importance of the old selected nodes from 
the southwestern, the northern and now the central parts of the nation is indeed, 
a significant finding in this study. This phenomenon once again, and in a very 
consistent manner, confirms Taaffe, Gould and Morrill (1963) assertion that the 
initial lines of penetration are the most critical ones in the whole process of 
network development. 
The distribution of accessibility was for the first time much more evenly 
distributed than in any of the previous cases The least accessible node 
accounts for almost four-tenths of one percent of the entire accessibility. In 
1949 for example, the least accessible node accounts for one one-thousandth 
of one percent. In 1961, it was five one-hundredth of one percent, and in 1976, it 
was one one-hundredth. In other words, the accessibility of the least accessible 
node in 1982 was greater than the second best which occurred in 1961 by 
about eighty six percent. 
The first eighteen or twenty five percent of the most accessible nodes 
account for some fifty two percent of the entire accessibility. The next eighteen 
more accessible nodes accounts for some twenty seven percent of the 
accessibility, while the remaining thirty seven or some fifty percent of the nodes 
accounts for the remaining twenty one percent of the accessibility (see Figures 
16). The redistribution of the accessibility was quite drastic. There were many 
more of alternative connections to a greater number of nodes than in any of the 
three previous cases. The individual nodes' share of the accessibility showed a 
significant increase relatively to the previous cases (see Figure 17). 
From many indications, the more equitable distribution of accessibility 
does indeed suggest the good faith effort on the part of the government not only 
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to enhance the economic development of some high potential areas, but also to 
integrate the nation both politically, and socially. Secondly, the configuration of 
network in 1982 base on the values of gamma and alpha indices suggest that 
the degree of the complexity of network is on the rise. In 1949 the ratio of 
linkages to nodes was 1.37, in 1961 the ratio of linkages to nodes was 1.09, in 
1976 the ratio was 1.03 and in 1982 the ratio increased to 1.45 (the calculations 
are based on the information from TABLE VII). The complexity of the network is 
a function of the ratio between the linkages and nodes. The alpha value of 
24.1 % as stated earlier is a clear indication that generally, alternative 
connections to nodes and more importantly, those nodes that tend to occupy 
rather unique positions on the network are on the rise. Furthermore, since 
gamma measures the degree of connectivity, the values of 49.1 % therefore 
means that the network as a whole is about 50% of a perfect connectivity. 
However, it is important to bear in mind that the values of those indices only 
suggest that the process is in the right direction, but it does not simply suggest 
in any way, that the network has attained an advanced stage of development. It 
takes a minimum values of 66% and 50% for gamma and alpha respectively 
for a network to be classified as having attained the advanced stage of 
development. 
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CHANGES IN INTERNAL HIERARCHY 
The series of changes in the internal accessibility had been quite 
dramatic. The network at different periods of time has witnessed both extensive 
expansion in some cases, and consolidation in the others. There have been 
elimination and addition of nodes as the network develops through the years. 
The elimination of nodes is primarily due to the practice of classification and 
declassification of certain links as trunk A, and as stated earlier, the impact of 
the high turn-over in the administration might have been quite significant. 
There were some two hundred and two nodes in the system in 1949 and 
by 1961, the number of nodes dropped to ninety eight. Of the ninety eight 
nodes, seventy four percent of them was part of the 1949 network system, and 
of course. this is translated to some 74 nodes which is about 37% of the nodes 
in 1949. Although the number of nodes in 1976 was roughly the same as those 
of 1949. only thirty six percent of the nodes was part of the original network. 
The thirty six percent is translated to some seventy eight nodes. Furthermore. 
although the network in 1982 shows an extensive consolidation as the number 
of nodes decreased from 202 in 1949 to some 73 in 1982. surprisingly. seventy 
seven percent of the nodes in 1982 was part of the network system in 1949. 
Only thirty four or some seventeen percent of the original 202 nodes 
appeared in all the networks system analyzed in this study (see TABLE XIV). 
Based on the 1963 census (the last acceptable census in Nigeria) those thirty 
four nodes were the centers of population concentration. and they have 
continued to be the centers of population attraction ever since. 
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TABLE XIV 
CHANGES IN INTERNAL ACCESSIBILl1Y AMONG THE NODES THAT 
APPEARED IN ALL THE STUDY PERIODS 
1949 1961 1976 1982 
NODE ACC.INDEX ACC.INDEX ACC.INDEX ACC.INDEX 
IN(%} IN(%} IN(%) IN(%} 
APA. 0.159 0.283 0.747 2.123 
ABEa<lJfA 1.1E5 1227 1.491 2.108 
M.FE 1.743 0.372 0.153 1.973 
BlVJCHI 2.123 3.7fil 0.552 1.707 
BENNClTY 0.554 0161 1.784 3.7.30 
CJ!UIBAR 0.471 0.070 0.068 0.292 
M.PA 0.187 2.360 0.086 a111 
EN.GJ 0.523 0.232 0.565 3.042 
CDvt3E 1.076 1.988 0.112 0.969 
G.&U 0.452 1.876 0.138 1222 
BIID.AN 1.845 1.870 1.454- 4161 
FE 1.421 Q.981 0.167 0.926 
I<OT~ 0.300 0.174 0.394 0.313 
IffiN 1.399 0.882 0.293 1.C5B 
.EffiA 0.531 0.553 0.618 0.344 
JBIYA 0.111> 0.558 0.047 0511 
J:S 2.116 6.170 0.521 2.587 
I<JIO..NA 0.736 6.172 0$1 1.385 
KAIM\ 0.1~ 0.447 0.030 2.825 
I<c'NJ 1.477 5.434 1.324 2.174 
KPR 1.457 2.360 a131 2.540 
Kt>.lSNA 03Sl 1.100 0.115 1.157 
LPG:S 0.470 1.870 0.157 2.249 
tMIDLX?!JRI 0.977 0.413 0.055 1.938 
NJ#N 0.338 OSll 0.052 1.7J7 
OTURKPO 0.269 0.292 0.038 1.005 
OM:FR 0.182 0.266 1.313 o.~ 
P.HARXlJRT 0.075 0.129 0261 0.292 
POllSKUM 1.cD1 1.119 0.001 0.646 
SHPG.AM.J 1.3S 1$1 0.255 2.339 SOKaro 0.154 0.574 0.014 0.508 
1EGN.A. 0.372 D.581 0.090 3.319 
'rO..A a111 0.461 0.016 1.602 
~ 1.528 7.806 12>9 2.532 
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As could be seen from TABLE XIII, there were few cases (Aba, Abeokuta 
and Port Harcourt) in which the accessibility index showed a consistent 
increases through the years, but in most cases, there were rather sporadic 
fluctuations in the relative accessibility. An interesting pattern emerged 
between 1976 and 1982. Each of the thirty four nodes except Ikot Ekpene, 
Jebba and Owerri showed increases in accessibility when 1976 is used as the 
base year. Between 1949 and 1961. there were some four cases (Jos, Kaduna, 
Kano and Zaria) in which there were significance positive changes in the nodal 
accessibility, the four nodes were all from the north. The pattern of nodes with 
significance changes between 1976 and 1982 were different from those of 1949 
and 1961. Those thirteen nodes with significance changes (Aba, Enugu, 
Ibadan, Jos, Kaima, Kari, Lagos, Maiduguri, Numan, Shagamu, Tegina, Vola 
and Zaria) were spread across the nation Thus, the distribution of accessibility 
in 1982 was much more evenly spread all over the nation. 
CHAPTER VI 
SUMMARY, ALTERNATIVE PERSPECTIVE, AND CONCLUSIONS 
SUMMARY 
The process of development as a whole is a very complex one due in 
part, to the different elements that come into play. Furthermore, the protracted 
and inconclusive debate with regards to the exact role that transportation plays 
in the process of development is not about to come to an end. The reason for 
this is partly because the World Bank statistics for example, indicate that there 
are instances in which transport has led effectively and there are instances that 
it has not (Willoughby, 1977). However, the point that has consistently survived 
this vigorous debate is that increase in the rate of movement of goods and 
people is likely to contribute significantly to a healthier economy, 
(Mansourkhaki, 1980). 
This study base on the analysis of the pattern of accessibility distribution 
during at least the first sixty years of network development in Nigeria shows 
clearly that economic consideration was dominating the decision making 
process until the seventies, and this is quite consistent with Kansky's 
hypothesis. It was soon after the civil war in 1971 that concrete steps were taken 
to broaden consideration to include social and political integration as prime 
objectives of network development at a national scale. This is not only 
consistent with Freidmann's theory, but it also highlight the enormous impact 
that political and administrative factors exert on the whole process of 
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transportation development. The shift in the accessibility distribution as 
revealed in the analysis of both 1976 and 1982 network structures clearly 
shows some differences both in the goal and the objective between the colonial 
and post colonial network developments in Nigeria. This shift in the the goals 
and the objectives of transportation development is responsible for the network 
system not following the ideal-typical model. The ideal-typical sequence is 
indeed an economic driven theoretical model that was designed to explain the 
colonial network development in Nigeria. It should not therefore, be surprising 
to observe that the network system in the eighties does not follow the ideal-
typical model. 
The study leans support to O'Sullivan (1979) assertion concerning the 
effectiveness of using transportation as a tool to control and direct development. 
It does not however, support any assertion that may directly or indirectly imply a 
discrete nature of stages of network development. The apparent discrete nature 
that the theoretical model tends to portray has consistently remained the most 
damaging deficiency of theoretical constructs. It is somehow naive, and 
historically inexpedient to postulate a model that is said to be "ideal" and 
"typical" to explain something as pervasive as transportation within a complex 
social environment. In 1961 for example, the study reveals the existence of the 
multiple characteristics of virtually every postulated stage. Fifteen years later, 
that is, in 1976 the network actually declined in its complexity despite a 
significant increase in both the number of nodes and linkages. The decline in 
the complexity was due to the resulting configuration of the network as a direct 
result of the enormous expansion that the network was going through. For the 
stages of network to be discrete, the degree of network complexity would have 
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to be directly proportional to the sequential stages. The numeric values of the 
network as portrayed by gamma and alpha indices should be positively related 
to the stages in the sequence. However, those indices actually declined in both 
1961 and 1976 from what they were in 1949 but began to rise again in 1982. 
The analysis clearly supports Rostow (1964) assertion that the sequence 
of network development should be realistically seen as a process rather than 
as a series of discrete stages. The fluctuation in the numeric values of the 
indices, as well as in the number of nodes and linkages clearly attest to Cope 
(1967) description of the process of network development as being 
characterized by expansion, contraction, and consolidation. 
The clustering of the most accessible nodes in a relatively small area 
during the first three periods in the study is indicative of the characteristic of a 
network at elementary state of development. This is specially true in the 
developing economy. Furthermore, it is one of the most serious problems that 
commonly plague, and may unfortunately, continue to plague planning 
exercises in many developing nations. The continuous fluctuation in the 
numeric values of gamma and alpha is the most serious phenomenon that 
clearly suggests that the stages of network development is not discrete or 
sequential in any sense of the word. Predicting the rate of network growth might 
turn out to be an exercise in futility, particularly in the Third World, due to the 
inability in controlling and coordinating the numerous competing and 
sometimes conflicting elements that affect the shape and size of the network 
configuration The differences in the distribution of the accessibility during the 
colonial and post colonial eras were quite drastic. Economics ceased from 
being the number one concern to just one of the several factors that influenced 
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network development. The prominence of the Abuja on the 1982 network 
hierarchy is a clear test of the enormous impact that politics exert on the entire 
process of network development in Nigeria. Abuja moved into the center stage 
of the network hierarchy as a result of the government desire to make the new 
national capital to be accessible to all the regions. The Abuja factor has a 
significant influence on the 1982 network structure in particular, and raises 
hope for the convergence of the transportation network which will eventually 
create a national system of cities. 
ALTERNATIVE PERSPECTIVE ON TRANSPORTATION PRACTICES 
IN NIGERIA 
Generally speaking, the essence and the importance of access to 
employment, school, health facilities, adequate residential environment among 
other things are not debatable, but what tends to have been almost lost in the 
process of transportation policy debate is that most transportation investments 
and policies have long gestation periods and operating lives, consequently, 
they have too wide and deep an impact on virtually all other spheres and 
aspects of living to warrant taking long-rang planning casually. The practice of 
disproportionate over-investment in road transportation is nothing unique about 
Nigeria or the Third World in general. The history of development in even the 
industrialized nations is also characterized by disproportionate over-investment 
in the transport sector, notably, the highway. Mansourkhaki (1980) has 
documented transportation investments in USA from 1946-1977, in Canada 
from 1946-1976, in England from 1952-1978, and in Japan from 1954-1977. 
Each of these cases shows a significant disproportional investment in road 
transportation. It is important to note that this list was drawn from Owen (1961), 
98 
study in which those four countries were classified among the most mobile, and 
of course, most industrialized nations in the world. 
At the third world conference on transportation held in Rotterdam in 
1977, Willoughby from the World Bank talked about how the world financial 
body tends to single out transportation as a unique area to be given serious 
attention as the developing countries struggle for development. The pattern with 
which loans are granted by the World Bank is also indicative of the importance 
the world financial body attaches to transportation sector of the developing 
economies. 
However, what is extremely troublesome and sometimes perplexing is 
the degree with which the need for empirical research has been either 
trivialized or in some cases, is simply ignored in the planning process. It is in . 
recognition of the importance of research in transportation planning that this .. 
study reviews certain elements like the political backgrounds of Nigeria, as well 
as the national transportation objectives and philosophy within the context of 
the national development programs. It is the position of this study that any 
transportation program that does not have adequate information on these 
elements is likely to be more of a psychological show case than a realistic 
approach towards solving the problem of movement of goods and people. For 
example, lack of consultation with the local residents in designing, and 
executing projects may likely lead to a situation in which completed projects 
turn out to be more like white elephants than of any use to the communities in 
which they were designed for. 
To underscore the importance of research is the issue of socio-economic 
impact of a transport facility in the area it opens up or makes more accessible. 
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This debate has been long and inconclusive between those who see transport 
as a leading sector, capable of inducing other economic activities and those 
who see transport investments as needing to respond only to a given traffic 
demand. The debate is invigorated by the point made earlier, and that is, the 
World Bank data indicates that there are indeed instances in which transport 
has led effectively and there are instances that it has not (Willoughby, 1977). 
Thus, this situation seriously underscores the need for a comprehensive and or 
multi-sectoral regional development programs base on a thorough research. 
Research is needed to help develop a framework, properly parsimonious in 
data requirements, for optimal selection of roads in an undeveloped area and 
secondly, for identifying the critical minimum of complementary public action 
required in different circumstances 
It was in recognition of the need for research information in 
transportation development that partly caused the World Bank in 1968 to invite 
the United Kingdom Transport and Road Research Laboratory (TRRL) to 
participate in a co-operative research effort to investigate the inter-relationship 
between road construction costs, vehicle operating costs, and road 
maintenance costs in developing countries (Bulman and Robinson, 1977). 
Earlier, the World bank had awarded a contract to the research unit from 
Massachusetts Institute of Technology to construct a model that relates road 
construction and maintenance costs to the cumulative cost of vehicle operation 
over the design life of a road (Moavenzadeh, 1972). The model clearly 
identified the areas where knowledge about the relationships between 
important parameters of road and vehicle behavior in tropical developing 
countries were inadequate. It also indicated that vehicle operating costs are 
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very sensitive to vehicle type, road geometry, and surface condition. There was 
also evidence that resources were often allocated inefficiently due to 
discontinuous and uncoordinated planning expertise, transplantation of 
inappropriate solutions optimized for developed countries, lack of adequate 
data, distortions due to the external financing sources, and other deficiencies in 
the planning process, (Carter, Chadda, and Schonfeld, 1984). Presently, there 
is a computer model known as Road Transport Investment Model (RTIM). This 
model can calculate for any road project the sum of the construction costs, the 
road maintenance costs, and the vehicle operating costs over the "design life'" 
of the project. A model like this can permit the designer to minimize the sum of 
construction costs, maintenance costs, and vehicle operating costs by enabling 
designer to select the optimum choice of geometric standard and road type, 
either earth, gravel or bituminous surfaced. 
Despite the availability of this type of technology and it flexibility, there is 
not much in either the Nigeria's National Planning Documents or the actual 
planning practices to indicate or suggest that such technology is being 
adequately tapped. This kind of attitude is indeed, a sad commentary on 
planning endeavor in Nigeria. Some of the available state-of-the-art 
transportation planning presently used in developed countries, such as Urban 
Transportation Planning System (UTPS) are applicable in developing 
countries as long as there are competent personnel, adequate data, 
adjustments in some parameters that are specific to each country, such as the 
value of time, usage rates, interest rates, demand elasticities as well as a set of 
alternatives that are appropriate to individual countries (Dickey, 1983). It is 
equally important to be aware of the consequences of technological 
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dependency. There should be no illusion that technology is socially and 
culturally neutral. Therefore, technology transfer that is likely to lead to the 
stultification of the growth of the indigenous technological capability may not be 
for the best interest of the importing country in the long run. 
Some of the foreign designers in many instances have been very much 
preoccupied with the need for a high benefit-cost ratios in their design services 
to the Third World. The need for a high benefit-cost ratio may not necessarily be 
a bad objective to pursue. However, any high benefit-costs ratio that is not 
complemented by minimum-cost course of action could very much lead to 
misallocation of scarce resources. This is one the reasons why there is a 
continuous doubt that designs proposed by foreign consultant engineers may 
not be to the best adapted standards for developing countries. The other issue 
has to do with the persistent doubt concerning taking sufficient advantage of 
the scope for stage construction. It is a common fact that technology is hardly 
culturally neutral, and by the same token, the design and the construction of 
network should not be expected to be culturally neutral. Thus, it is the fear that 
the maximum feasible use of local resources may not have been adequately 
taken into consideration in such design process that sustains what this study 
considers as the "nagging" question. For the foreseeable future, the question 
will continue to be whether or not the standard used in the western 
industrialized nations may be most appropriate for the developing nations. It 
seems to an extent, that the problems of Third World development have 
confounded the foreign experts for decades, partly because these problems 
have been unfortunately treated largely as technical and economic matters that 
could be effectively addressed through infusions of capital and foreign 
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expertise. This attitude tends to represents a flawed understanding of even how 
the advanced industrial economies achieved their own development and 
grossly underestimates the role that political and cultural factors play in the 
process of modernization. 
Realistically speaking, there are instances in which solution to 
transportation problem in the rural areas of the Third World may not call for an 
expensive, and wide paved roads. Unfortunately, such approach has been 
adopted in too many cases. The fact is that, if the rural growth center for 
example, is going to become a production, processing, and service center, and 
if it hopes by the establishment of even a modest range of diversified 
enterprises, to increase the total areal employment, then careful attention 
should be given to designing a functional constellation of commuting routes 
(Johnson, 1970). This approach will not only meet the transportation need of 
the local people, but it will also minimize the cost of providing transportation 
infrastructure, and consequently, releases the scare resources for other 
competing needs. Furthermore, one way of measuring the efficiency of a 
transportation system is to look at the degree of the integration of the "system of 
cities" on the one hand, and the degree of the relationship between them and 
their respective countrysides on the other Filani (1981). 
It has been consistently shown that transport is an important absorber of 
scarce resources either at individuals or national level (Wilson, Bergmann, 
Hirsch and Klein, 1966). Therefore, ill-timed, misdirected, or misplaced 
transport investment is likely to have a serious impact upon the whole economy. 
A thorough review of Nigeria national development programs show that these 
endeavors have been consistently plagued by ill-timing of programs, some 
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programs have been misdirected, and misplaced. The importance of research 
as stated earlier has been either trivialized or simply ignored. And as if these 
were not enough, the policy makers and planners are still struggling to find out 
exactly what constitute the national transportation philosophy. Comparisons 
that are inappropriate are still being used in the process of formulating policies 
concerning transportation. For example, using the study that was conducted for 
European Economic Communities (EEC) with regards to the shares of energy 
consumption by various modes of transport to influence transportation policy in 
Nigeria is simply a bad practice. The differences between Nigeria and the 
nations of EEC are so wide and varied that it is almost unthinkable that such 
comparison could even be contemplated. Furthermore, using this sort of 
inappropriate analogy to influence transportation policy is likely to have a long 
term negative implications. The problem that this type of practice produces will 
certainly be compounded by long duration of gestation of transportation 
investment. 
The transportation objectives must be explicitly spelled out in a way that 
they can be operationalized if the massive infusion of resources in this sector is 
to be meaningfully materialized. There must be geographical information in 
terms of the type of soil, and the nature of climate in the country. Road design 
and construction must be sensitive to those geographic elements if they are to 
be durable. The other area of problem that needs equally, serious attention is 
the non-economic objectives of transportation development. Even though this 
study indicates that relative progress has been made in this area, there is still a 
need to state those objectives explicitly in a way that it is not too difficult to 
implement them effectively. The absence of the ability to effectively evaluate 
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these objectives will likely deprive the policy makers and the planners the 
opportunity of even detecting mistakes made, let alone correcting such 
mistakes. 
Since Nigeria as well as many other Third World nations are relying by 
necessity, on the importation of construction equipments, expatriate for design 
and construction of projects, foreign financing among other things, it is therefore 
safe to argue that the problems that plague development in the Third World are 
likely to persist as long as foreign advisers hired decide merely to translate into 
the local language or institutional nomenclature a manual from North America 
or Europe. In other words, the existing problems may continue to plaque 
transportation development in many of the Third World nations for a foreseeable 
future. This is not just an attempt to deny the necessity of the expatriate expertise 
in the Third World development, and of course, such dexterity is needed. The 
real issue is that as long as consultant teams keep on drawing blue-print of 
projects without reference to local capacities, and without making effort to fully 
understand and update it and gather the requisite data on a regular basis, then 
prediction of the future course of transportation will continue to be clouded with 
uncertainty. 
The decisions to invest in transportation facilities must also take into 
consideration the time dimension, knowing too well that investment in 
transportation is likely to constrain investments in alternative sectors like health, 
education, housing, and food supply (Carter, Chadda and Schonfeld, 1984). 
Poor transportation is very likely to retard development, due to the fact that 
adequate transportation servic~ is definitely one of several essential ingredients 
for accelerating the economic growth of a country. To this end, to minimize the 
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possibility of waste, the number, type and location of transportation facilities to 
serve a country should be based on a comprehensive coordinated 
development plan. Since the transportation improvement that lower transport 
costs significantly affect market distribution and help to attract new industries, it 
is of uttermost important that due consideration be given to improved access to 
raw materials, markets, laborsheds, employment, school, health facilities, and 
other basic essentials in the process of transportation planning. 
For transportation system to be effective and efficient, the question 
should never be limited to how much to be invested. It is also of equal 
importance and helpful to find out where and how the investments should be 
appropriately made. Base on the past practices, a critical appraisal of the 
cost/benefit impact of past sectoral allocations may very much reveal that thus 
far, undue emphasis might have been placed and furthermore, resources might 
have also been concentrated on a transportation sub-sector which has a much 
more expensive option. This study therefore suggests that among other things, 
mode selection should be made from mUlti-dimensional criteria. Furthermore, 
transportation plan should be derived from a broader national goals, bearing in 
mind that an expansion of the transport system as an independent goal would 
make no sense at least in an economic context (Owen, 1964). The fact is, if a 
country is deficient in the factors conducive to growth, no amount of 
transportation planning and infrastructure can create the economic growth that 
is desired. 
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CONCLUSIONS 
The analysis indicates a drastic shift in the network spatial structure. 
There is a shift from an outward looking to an inward looking network system, 
and from what Filani (1981) called a corridor-type network structure to one that 
is more evenly spread out. The system is much less economically driven. 
Consequently, the current trunk A network system in Nigeria does not follow the 
ideal-typical model. This model may be ideal, but certainly, it is not typical 
within the context of the post colonial era in Nigeria. However, it should be 
noted that the shift did not come easily. Up till the seventies, the network was 
still characterized by a corridor-type pattern of development. Furthermore, it is 
not surprising to note that the current network structure does not follow the 
ideal-typical. The nation has to be willing to give up some degree of economic 
optimization for the political survival of the country. 
After well over eighty years of a rather vigorous interest in transportation 
network development, the road network in Nigeria is just about to move into 
transitional period. The network is only now moving from elementary to 
advance stage. Precisely speaking, the network is currently at an. advanced 
level of the spinal stage. It is not quite clear how long it might take for the 
network to be transformed completely from the elementary to the advanced 
stage of development. A reliance on history tends to suggest that it might take 
quite sometime, especially, in the light of the current economic plight, and 
political unpredictability. However, the values of graph indices do suggest 
clearly that the development is moving in the right direction. Any attempt to 
further sub-divide the nation into smaller constituent units (see Figure 1) will 
certainly slow down the rate of such transformation. Such development, that is, 
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that is, a slow down in the rate of network transformation, will be partly due to 
the inevitable change in the degree of network complexity. It may lead to 
decrease or increase in the number of nodes and linkages, and consequently, 
there will be either positive or negative fluctuation in the numeric values of 
gamma and alpha. It must be emphasized that the problem of fluctuation in the 
complexity of network due to the interplay of political and administrative forces, 
especially, in a pOlitically unstable environment will hamper the ability to predict 
the stages of network development. 
The study supports the assertion that the sequence of network 
development in a relatively political unstable environment is sporadic and 
continuous. Although transportation is one of the most debated and written 
about subjects of our time, the number of factors that come into play in the 
process are just too many, and sometimes with conflicting interests. The study 
reveals a common weakness of network development in the Third World, and 
this has to do with the concentration of accessibility in relatively few nodes. The 
excessive concentration of accessibility in few nodes within a very small portion 
of the network structure, does not argue well for the much dramatized practice of 
national development programs. The unavoidable consequence of such 
phenomenon is that development is very much likely to be skewedly distributed. 
Furthermore, the chance of inducing regional competition that may be very 
healthy to the regions and the national economy at large is likely to be 
diminished. Lack of opportunity for such regional competition directly or 
indirectly deprives the people of a very good chance for an increase in the 
standard of living. 
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Nigeria has however, made tremendous progress in using investment in 
transportation as a tool for social,and political integration. The infrastructure in 
place now has already encouraged and will certainly continue to encourage 
interregional trade as well as other social cooperation. The need for this type of 
cooperation is essential for the stability of a heterogeneous society like Nigeria. 
The analysis of the network in 1976 clearly attests the to O'Sullivan's assertion 
that transportation is one of the most effective tools a government can use in 
inducing and enhancing different forms of societal integration. The rapidity and 
the effectiveness of reconciliation that followed the end of the secessionist war 
in Nigeria has remained a miracle ever since. A closer look at the accessibility 
distribution in 1976 suggests that investment in transportation was deliberately 
used to allay fear in the minds of the former secessionists, and to once again 
instill a sense of belonging in them. It is also plausible that certain projects 
might have been embarked upon partly as a result of the logistic problems 
encountered by the federal troops as they tried to liberate the eastern region 
from the rebel forces. Nevertheless, Nigeria is indeed a practical case that 
demonstrates the fact that transportation may not only be directly or indirectly 
used to redress the past social or economic ills, but it can also be effectively 
used in guiding and directing the political destiny of a nation. Thus, it 
underscores the need for a carefully design transportation system: A nation 
whose pOlitics have been dominated by ethnic and regional antagonisms (The 
Economist Intelligence Unit, 1987), with serious ramifications at all levels, could 
find some comfort in using transportation as an effective manipulator. 
It must be emphasized that virtually nothing can be effectively substituted 
for accurate information in planning practices. Many noble and laudable 
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programs like the Universal Free Primary Education, Operation Feed the 
Nation, Green Revolution, Accelerated Food Production Program, Back-to-Land 
campaign, School-to-Land Program, among others collapsed not necessarily 
because of lack of good intentions, but seriously due to lack of factual 
information. The other reasons includes lack of genuine commitment on the 
part of public officers charged with implementation, lack of appropriate 
expertise, adequate level of funding, and of course, a clear-cut policy 
objectives. The cost of acquiring such appropriate information may be high, but 
it should be accepted as a task that must be done. 
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APPENDIX 
PROGRAM USED IN MANIPULATING THE MATRICES 
INTEGER F(XX,XX),N(XX,XX),M(XX,XX),S(XX,XX) 
INTEGER V,L.ITEM,P ,R 
COMMON F,N,M,S,V,L 
* 
READ(5,*)V,L 
WRITE(6, *)'V=', V, 'L=' ,L 
WRITE(6,*) 
WRITE(6,*) 
WRITE(6,*)'THE MATRIX F IS' 
D0551=1,V 
D056J=1,V 
S(I,J)=O 
56CONTINUE 
55CONTINUE 
READ(5,*,END=68)((F(I,J),J=1,V),1=1,V) 
D0111=1,V 
D021J=1,V 
N(I,J)=F(I,J) 
21CONTINUE 
11CONTINUE 
68WRITE(6,77)((N(I,J),J=1,V),1=1,V) 
77FORMAT(1 X,1211 0) 
* 
D015?=1,L 
IF(? .EO.L)GOT020 
WRITE(6,*)'THECN,?+1,'MATRIXIS' 
20D0301=1,V 
D025J=1,V 
S(I,J)=S(I,J)+N(I,J) 
25CONTINUE 
30CONTINUE 
IF(? .EO.L)GOT015 
CALLMATLY 
15CONTINUE 
* 
WRITE(6,*) 
WRITE(6,*) 
RIM00010 
RIM00020 
RIM00030 
RIM00040 
RIM00050 
RIM00060 
RIM00070 
RIM00080 
RIM00090 
RIM00100 
RIM00110 
RIM00120 
RIM00130 
RIM00140 
RIM00150 
RIM00160 
RIM00170 
RIM00180 
RIM00190 
RIM00200 
RIM00210 
RIM00220 
RIM00230 
RIM00240 
RIM00250 
RIM00260 
RIM00270 
RIM00280 
RIM00290 
RIM00300 
RIM00310 
RIM00320 
RIM00330 
RIM00340 
RIM00350 
RIM00360 
RIM00370 
RIM00380 
WRITE(6,·) 
WRITE(6,·)'SUMMATRIX' 
WRITE(6,·) 
WRITE(6,·) 
WRITE(6,200)(S(I,J),J=1 ,V),1=1 ,V) 
200FORMAT(1 X, 12110) 
WRITE(6,·) 
WRITE(6,·) 
WRITE(6, ·)'THEROWSUMSOFC+CI\2+ ... +CI\', L, 'ARE' 
R=O 
WRITE(6,·) 
D0451=1,V 
D050J=1,V 
R=R+S(I,J) 
50CONTINUE 
WRITE(6,·),ROW,I,'SUMIS',R 
R=O 
45CONTINUE 
• 
STOP 
END 
• 
• 
SUBROUTINE MATL yo 
DIMENSIONF(XX,XX),N(XX,XX),M(XX,XX),S(XX,XX) 
INTEGERF,N,M,S,V,L 
COMMONF,N,M,S,V,L 
• 
D051=1,V 
D010J=1,V 
M(I,J)=O 
D015K=1,V 
M(I,J)=M(I,J)+F(I,K)·N(K,J) 
15CONTINUE 
10CONTINUE 
05CONTINUE 
WRITE(6,·) 
WRITE(6,201 )(M(I,J),J=1 ,V),1=1 ,V) 
201 FORMAT(1 X, 12110) 
D0201=1,V 
D025J=1,V 
N(I,J)=M(I,J) 
25 CONTINUE 
20 CONTINUE 
RETURN" 
END 
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RIM00390 
RIM00400 
RIM00410 
RIM00420 
RIM00430 
RIM00440 
RIM00450 
RIM00460 
RIM00470 
RIM00480 
RIM00490 
RIM00500 
RIM00510 
RIM00520 
RIM00530 
RIM00540 
RIM00550 
RIM00560 
RIM00570 
RIM00580 
RIM00590 
RIM00600 
RIM00610 
RIM00620 
RIM00630 
RIM00640 
RIM00650 
RIM00660 
RIM00670 
RIM00680 
RIM00690 
RIM00700 
RIM00710 
RIM00720 
RIM00730 
RIM00740 
RIM00750 
RIM00760 
RIM00770 
RIM00790 
RIM00800 
RIM00810 
RIM00820 
RIM00830 
RIM00850 
RIM00860 
